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PREFACE 


It is now many yeais since a Work on Coal was presented 
to the public, and sinc^that time knowledge of its natural 
history and appreciation of its manifold uses have been 
increased. 

Coal is indispensable to all civilised nations , it is not 
surprising therefoie that the origin, position and extent of 
the seams have exeicised the best thought and enquiiy of 
geologists and prospectors ; that its discovery and working 
have stimulated the skill and demanded the best energies 
of ejigineers, and the heroism and labours of mnumeiable 
miners , that its economical utilisation and application 
have been obtained m spite of years of necessary labour 
and research on the part of learned men in many blanches 
of science. 

This book, though dealing only with the first and last of 
the aspects of the subject thus suggested, should be inteiest- 
ing and instructive not only to students of various sciences, 
but to the whole of those people who, though proud of the 
high commeicial position of this country, aie unaware as 
to how greatly this is due to our Coal supplies. 

As a rule descriptions of mining practice have been 
avoided, though a few subjects here included are dealt 
with in the author’s ‘‘ Principles and Practice of Coal 
Mining,” published by Messrs. Macmillan & Co., Ltd 
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The latter book is intended paiticularly for students ;^he 
piesent ^\oik is of eoiuse written for a diffeient public. 

Some of the friends to whom I am ^Hidebteol foas advice 
and assistance and to whom thanks aie now tendS^d are 
Ml. Bennett Brongh, F.G.S., Mr John Gemaid, H.M. 
Inspectoi of Mines, Mi. James Lomax, Petrologist, and 
Ml. Herbert Bolton, P.K.S E. 

JAMES TONGIi. 

"Westhoughton, 

Octohe'^, 1907 
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CHAPTEE I. 

HISTOEY, 

Coal’ What lomance surrounds the word! Consider 
the strange natural history ; the wonderful provision in an 
early geological age of the vast supplies for the future use 
of g. higher type of animal than existed at the time ; the 
skill and ingenuity of the engineer m finding the deeply- 
hidden beds and extracting them from their long resting 
place, and this in the face of such obstacles as water, fiie, 
and noxious gas ; the labour of thousands of men and boys 
in a subterranean world, and the toll of lives annually 
sacrificed therein; the innumerable purposes for which it 
is required, whereby human life on this earth may be made 
enjoyable, it might almost be said, possible. 

In those remote ages of the early history of man, before 
the periods of metal began, there was little use for coal, so 
that, whether it was visible or not in the river beds or hill 
sides, man had probably not investigated its properties. 
But when the great discovery was made that certain sub- 
stances could be melted by heat and moulded into various 
shapes and patterns the hill sides were robbed of the black 

0. B 
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substance which could produce the nre necessary tor 
smelting purposes. 

And so, although pre-historic man ha(^ little Qse for this 
combustible, and obtained his supplies of fuel fre^n the 
foies ts in or near which he lived, there were pos§ibly some 
mineis who smelted and worke'3. the metals, and some 
smiths who made and tempered arms. It is easy therefore 
to imagine that fossil fuel was sometimes used for both 
these infant industries. However that may be, the Greeks 
and Eomans were acquainted with this wonderful mineral. 
Two hundred and thirty-eight years before Christ, 
Theophrastus, the favourite pupil of Aristotle, in a treatise 
on Stones,” wrote of the nature, source and uses of coal. 
He says, They call those fossil substances avOpaKas) 
Anthracite (or coal), and when broken up for use they are 
of an earthy character . nevertheless, they inflame and bijin 
even like charcoal. These are found in Liguria and Elis, 
in the way to Olympias, over the mountains, and are used 
by the smiths.” 

From discoveries made by geologists and missionaries it 
has been clearly established that the Chinese, to whom so 
many great discoveries are attributed, were acquainted with 
fossil fuel from remote antiquity. It is probable that owing 
to their knowledge of the nature and properties of coal they 
were enabled to discover the method of, and to supply the 
means for, the manufacture of porcelain, gunpowder, paper, 
etc,, and to engage in those useful arts so long practised by 
them. The collection of inflammable gas by the means 
at present employed in the distillation of coal is only an 
adaptation of the Chinese plan. The ancient Chinese 
methods of boring for coal are still adopted in ceitain parts 
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of the worM, especially in the United States, Russia, etc , 
where the development of the oil industry requires lapid 
boring. The metjiod consists in the employment of a rope 
with'^oiing tool attached in place of the usual rigid iion 
rods. T^ie lope was oiiginally foimed of bamboo fibres, 
the torsion of which vas sufficient to lotate the tool after 
each blow ; the tool itself consisted of a heavy cylinder of 
iron with cutters fixdll at the lower end. 

In England, unmistakable evidence of the working of coal 
by the Britons of a so-called pre-historic time can be 
supplied, and it is probable that some industries were 
practised befoie the invasion of this country by the Romans 
which have been considered impossible foi the so-called 
barbarians who inhabited these islands at the time. That 
the Romans engaged m the mining of coal there is no doubt. 
M^ny of their stations were situated in close proximity to 
the outcrops of valuable seams ; tools of a peculiaily Roman 
type have been found in old colliery workings ; the plan oi 
system of working has been discovered to be of a design 
associated with art as practised by the Romans , finally, 
coal and coal cinders have at seveial places been found in 
excavating Roman stations m various parts of England. 

Trade m coal may be said to have started about 1215 a.d. 
At the time of the signing of the Magna Charta it was sold 
as an article of commerce, though previous to this time it 
had often been given to the monks as an offeiing, oi in 
satisfaction of some claim upon the people held by the 
monastery. Britton, m his desciiption of Peteiboiough 
Cathedial,^ has the folio wmg paragraph taken from the 


^ “ Cathedral Antiquities.' 
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Saxon Chronicle of the Abbey of Peterborough*. — About 
this time (a.d. 852) the Abbot Ceolred let the lan5 of 
Sempringham to Wulfred, who was to seiid each^year^to the 
monastery ‘60 loads of wood, 12 loads of coal, 6^oads 
of peat, 2 tuns full of fine ale, 2 neats cai cases, 6Q0 loaves, 
and 10 kildeikms of Welsh ale,*l horse^also each year, 
and 30 shillings and 1 night’s entertainment.’ ” 

In 1259 a charter was granted to the*fieemen of Newcastle 
by Henry III. to “ dig for cole,” and soon the ships were 
carrying fuel to London, where “sea-cole” was quickly 
utilised by the various manufacturers of the metropolis. In 
the reign of Edward I. (1272 — 1301) the smoke from burning 
coal caused such annoyance to the prelates, nobles and 
gentry of the city of London that they were unable to stay 
m the town — because of “the noisome smell and thick air 
caused by burning cole.” A proclamation was Iherefqjre 
issued forbidding the use of coal. Its use, however, 
giadually became extended, and in the reign of Elizabeth it 
was largely used, though prejudice against it had not entirely 
disappeared. The Queen prohibited the burning of coal in 
London dining the sitting of Parliament, as it was feaied 
that “ the health of the knights of the shires might suffer 
during their abode in the Metropolis.” 

From the 14th century there is a faiily clear historical 
account at least of the Newcastle coal-mnung, and the 
woiking of coal in that centuiy gradually spread to Durham 
and Yoikshire and finally to Lancashire, the Midlands and 
South Wales In 1662, i}200,000 pei annum was raised 
by the “Hearth Tax,” a tax imposed by Charles IL on 
every fireplace or health in England. 

In the 17th century also English ships were already 
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carrying cargoes of coal to foieign ports, and though for a 
time the people in the chief towns of France, Belgium, 
Hollajad ^nd Germany strongly objected to its use, the 
pre^Wdice was in time overcome, and coal mines weie soon 
being worked close to the walls of some of the chief towns. 

But the 18th century is the most memorable in the 
history of coal. The invention of the steam engine by 
Watt in 1784 not ohly enabled coal to be worked more 
efficiently and safely from greater depths in spite of greater 
difficulties, but enabled new applications of steam to be 
devised, all of which required coal for the generation of the 
motive power. Moreover, railways, steamboats, mills and 
blast furnaces were soon intioducedor increased in number. 
It is not remarkable that England should at once have 
advanced to the foremost position amongst the nations of 
the w’orld, especially when it is remembered that she not 
only possesses, for a given area, the greatest number of rich 
seams of coal, but that large areas of the country contain 
valuable deposits of iron ore, many of which occur in close 
proximity to the seams of coal. It is this ample provision 
and fortunate eombmation of natural resources which has 
enabled England to pioduce laiger quantities of machinery 
than any other country ; to supply fuel, and the ships to 
carry it, for every other nation in the world ; and to be the 
pioneer m most inventions, arts, manufactures and in 


science. 



CHAPTER 11. 


OCCURRENCE. 

Origin of Coal. — There is no more fascinating story tlj,an 
that of the origin of coal and the mode of its formation, 
whereby a happy provision was made which has proved to 
be of great advantage to the human race Those great 
convulsions which altered the entire surface of the earth 
in its early history, coming as they did during the period of 
stratification and after vaiious forms of animal and vege- 
table life had appealed, were the means of preserving vast 
quantities of vegetable matter, which, maturing during the 
countless ages that have elapsed since, have formed an 
inexhaustible store of valuable fuel. 

The Penod of Stratification, on account of its great 
influence in the foimation of coal, is the most important 
epoch in the woild’s history. Previous to this time the 
earth was merely a rolling ball of more or less solid matter. 
Eventually a fiimament suiiounded it and water appeared , 
and this, aided by the sun, pioduced impoitant results. The 
eaifch giadually solidified at the crust, shimking, bending, 
cracking water, fiie and an all agencies in the woik. The 

f' 

denudation of the strata by water and the caiiying away 
and subsequent deposition of the particles by the same 
agent caused the first stiatified deposits. The constant 
repetition of this process has at length resulted m many 
diffeient deposits becoming filled in one above another, so 



OCCUREENCE. 


I 


/ 

that the oMest are situated at the greatest depth, unless 
some latei movement has altered the usual arrangement. 
These deposits a^e capable of classification accoiding as 
thej^possess distinctive featuies either of texture, hardness, 
colour, thickness or fossils, and by these means may be identi- 
fied by the geologist. Thete is no doubt that great movements 
occurred during*the time of the formation of the stratified 
ro^cks, and there is evidence to show that nearly all exposed 



Fig- 1 — Effect of earth movements, denudation and subsequent deposition 
on strata forming the earth’s crust 


land sui faces have been again and again submerged beneath 
the ocean, and that the various sea deposits have been again 
and again raised a great height above their present level. 
Igneous rocks have been pushed up in dykes and veins, 
amidst the stratified rocks. Consequently the original 
stratification has been frequently disturbed (Fig. 1), and 
the strata bent, folded or fiactured (Fig. 2) in many ways. 
The lelative ages of the various rock systems may be deter- 
mined in different ways When one stiatum rests upon 
another, it is geneially mferied that the lower bed was 
formed before the deposition of the upper began Thus 
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when we observe how the strata rest upon one*' another in 
cliffs, railway cuttings, and mines, we can trace the ordm' of 
succession. In addition to the composhion an^ stiuctuie 
of the rocks, the greatest assistance in arriving oJr the 
identification of any particular formation iS derived from 
fossils, _ that IS to say, the impressicais or casts of the remains 
of animals or vegetables, buried in the rocks. Each 
formation has its own particular fauna or flora. 



Fig- 2 — Faults oi fractuies m stiata displacin^j: seams of coal 

In all the stratified deposits, except the Lauientian, plants 
or animals of one type or another have been found It is 
from the natuie of these fossils that the stratified rocks 
have been divided into three great epochs or penods of time 
— Piimary, Secondary, Tertiaiy. Corresponding to these 
gieat groups are three great life periods — Palaeo^ioic (Greek, 
palaios, ancient ; zoe, life) , Mesozoic (Greek, mesos, 
mKldle); and Oamozoic (Gieek, kainos, recent). Each of 
the gieat groups is again divided into smaller groups, called 
Formations and Systems ; a formation being a group of 
stratified locks, the members of which have certain 
characteristics of age and composition in common. 
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Formation of Seams. — In carboniferous times, m spite 
of t&e great convulsions of the eaith’s crust referred to, 
theie was a luxuriant vegetation covering gieat poitions of 
the smith’s suiface, a vegetation more prolific than had 
ever been possible m the history of the earth previous to 
that time, or has been possible since. The conditions of 
atmosphere, soil* heat and moisture were exceptionally 
favouiable to a luxuriant growth. Great contoitions of the 
sui^ace had caused valleys m which water lay in vast areas 
foiming marshy ground and prolific swamps. 

A tropical heat no doubt existed over the whole earth. 
It is thought by some scientists that the earth was for a 
long peiiod nearer to the sun than at present and therefore 
warmed with greater intensity, while other scientists con- 
sider that the atmosphere was charged to a greater extent 
than it is now with carbon dioxide, which fed the plants 
and served to retain the genial warmth of the sun. A more 
accurate knowledge of the botany of coal-measure plants, 
however, serves to show that the latter idea is not so likely 
as the first. The hot rays of the sun and the warmth of 
the earth itself were sufficient to cause a moist atmosphere, 
suitable for the growth of the plants, so that the land 
surface was like a huge summer-house with natural warmth, 
moisture and enriched soil, and a constant temperature. 

The coal-measure plants were no doubt originally 
derived from the sea, for it must be remembered that long 
before the carboniferous age the waters had covered th'^3 
greater portion of the world’s area By the process of 
differentiation, that is to say, the change by which plants 
became specialised or modified, and took upon themselves 
the qualities or attributes of different species, the sea plants 
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developed powers enabling them to live on the land , in 
other words, all present species of plants have been derived 
fiom sea plants. 

So through countless years of change the magii^cent 
forests giew, stately trees and thick undergiowth alike 
flourishing, dying, falling to the gl’ound and serving as fresh 
soil in which other vegetation might grow Flowering trees 
were no doubt rare, but ferns, mosses, and other trees 
flourished abundantly. Animals of various kinds inhabited 
the forests ; there were fishes in the rivers, reptiles basked 
on the edges of the swamps, and a few air-breathing 
animals — dragon-flies, scorpions, etc. — were to be found. 
Although the trilobite had disappeared, the fossils of many 
amphibians, such as frogs and salamandeis, have been 
found. Somewhat similar processes, though on a limited 
scale, are even at this time taking place. An explorer, 
describing the dismal swamps of Virginia, says, Fiom the 
black water there rose a thick growth and upshooting of 
black stems of dead trees, mingled with the trunks and 
branches of others still living, and throwing out a most 
luxuriant vegetation. The trees were draped with long 
creepers and shrouds of Spanish moss, which fell from 
branch to branch, smothering the trees in their clammy 
embrace, or waving in pendulous folds in the air. Cypress, 
live oak, the logwood and pines stiuggled for life m the 
watei, and about their stems floated blocks of timber on 
A^hich lay tortoises and enormous frogs. Once a dark body 
of greater size plunged into a cuiient which marked the 
course of a liver ; it was an alligator, many of which 
came into the swamps at times.” 

During the period of this rich growth, those early 
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catastrophes* of the earth to which reference has been made 

• * 

were taking place, gieat convulsions, upheavals oi loweiings, 
which caused the^irimeval forests to be ovei whelmed and 
buried beneath the water and enormous accumulations 
of earthy, cUh'is and sediment. Alternate elevation and 
subsidence occurred, and* after sand and shale had been 
deposited and the water had been again driven back, con- 
ditions suitable for plant growth again prevailed. When 
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b Growing Forest 
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Owing to alternate elevation and depression of land surface 
or sea level, vegetation first flourishes and afterwards is 
submerged and interlying strata deposited. 

Fig 3 

numerous coal seams therefore are found one above another 
(Fig. 3) it is evident that the process must have been repeated 
time after time, each coal seam representing the period when 
the water was driven back and vegetation enabled to fiouiish, 
and the intermediate strata, periods during which the 
decaying vegetable matter was submeiged, and gradually 
covered by accumulations of sand and mud. In this way 
nature’s storehouse of fuel was filled, and a recoid of the 
manner in which it was done has been supplied in the fossils 
of the remains of land animals and plants (see p. 21) in the 
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roof and floor of seams of coal and of marm^ fauna and 

€ f 

floia in the intermediate strata. It is true that considerable 
doubt exists as to the original place^ of growth of the 
vegetable matter composing the great coal deposits, whether 
the forests grew on the sites which the beds of^ coal now 
occupy, springing up and thiivin^ on the borders of great 
lakes, into which they have ultimately fallen, or whether the 
accumulations have floated for a long time and from great 
distances before sinking near the mouths of rivers on delta 
deposits. This question will be discussed later. 

‘ ‘ Yes ^ countless years of change have passed since then ‘ 

Change to the earth’s fair surface, change to men ; 

Woods, hills, plains, islands, seas, aie swept away , 

Unnumbered states have crumbled to decay 
While ’neath the soil, a thousand fathoms deep, 

The fallen monaichs of the forest sleep 

« 

It is true that coal in the mass exhibits externally very 
little appearance of organic matter, but when examined 
micioscopically its vegetable structure may be observed, 
and ferns or branches may be found impressed as fossils on 
the roof of the seam, or the roots of some of the trees may 
be discovered in the underclay. But the proof of the 
vegetable oiigm of coal does not depend meiely on the 
micioseopical evidence of its structure. Chemical analysis 
shows it to be composed of the same elements as wood — 
caibon, hydrogen, oxygen, and nitrogen — though in varying 
py^poitions, according to the changes it has undergone in 
the period of its deposition and decomposition. 

The processes by which this vegetable matter has been 
transformed into coal as it is found to-day and the cause 


^ Oxford University Pruae Poem, Coal,” by T. L Thomas, 1863. 
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of the^ manj?- different qualities are questions of great 
importance. 

It is cleat that tjje thickness of coal seams is accounted 
for b;f the abundance of the vegetation or the length of the 
period du^ung which growth was uninteirupted. But this 
does not account for the fdimation of vaiious grades of coal 
in separate seams oi in various localities The fuels which 
hav^ experienced least alteration from their original vege- 
table state are peat and lignites (see p. 182), and these 
contain smaller percentages of carbon than the more valuable 
classes of coals, namely, the bituminous, semi-bituminous, 
and anthracites. 

It is well known that certain agents have been at woik 
in the transformation of vegetable matter into coal, the 
chief of which are the heat of the eaith and the heat 
generated in the decomposition of the organic ^matter, the 
pressure of the superincurabent or overlying strata, the 
effect of dislocations or distortions pi the ear^th’s^^pjst 
owing to earth movements or volcanic eruptions, and 
finally the great length of time during which any or all pf^ 
these agents have opeiated. It is, however, doubtful which 
of these have acted as causes of the transfoimation or 
which have merely modified the conditions, and in this 
way affected the change by merely increasing or retarding 
the rate at which the process has gone on. It is difficult 
to fix definitely the part played by each of these agents, 
VIZ., pressure, heat, time, and movements of the crust 

As a rule those coals which are found in formations more 
recent than the carboniferous are inferior to the coals of 
the true coal measures, t e., the upper carboniferous rocks. 
It IS sometimes contended that this is due to the fact 
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that less pressure has been imposed upon the vegetable 
deposits and less time has been available foi the process. 
On the other hand, many seams of coal^of pooi^’quality are 
found m the carboniferous system. They do not appear to 
have passed through as complete a process of metamorphism 
or change as the seams that are Of better quality. 

It is deal, therefoie, that time and pressure alone do not 
account for the degree of changes'll! coal. The most 
important cause is heat , the other agents, while essential 
to the completion of the transformation, affect the meta- 
morphism by meiely accelerating oi letardmg the process.^ 

Coal, therefore, is the lesult of the distillation of the 
original vegetable matter caused by the natural heat of the 
eaith and the heat generated in decomposition, and its ulti- 
mate composition is dependent upon the amount of hydro- 
carbon and other gases which have been able to escape frpm 
the decomposing mass. Any agent, therefore, which has 
assisted in or retarded the escape of the gases has been the 
means of influencing the composition and character of the 
pioduct coal. Heat, whether of low or high intensity, and 
whether applied for a short time or continued throughout 
long peiiods, affects the distillation of the coal, and as 
sufficient heat to do this can be accounted for either in the 
internal heat of the earth or the influence of volcanic action, 
no other explanation is possible or necessary. The seams 
of coal which have suffered the greatest metamorphism are 
those overlain by porous rocks which have allowed the gases 
to escape, and as it is clear that rocks of compaiatively 
recent formation may have been quite as porous as moie 
ancient rocks, it is clear that they would affect the nature 
1 See “Economic Geology,” Iby B Campbell 



of the seam in the way described and thus enable moie 
complete distillation in spite of less time and pressure being 
available. ^ Where > seam has been covered with imper- 
meable locks, and buried under vast accumulations, the 
change in its composition will, it is true, be all the gi eater 
on account of the increased time dining which the causes 
have operated, and similarly seams will be affected by 
volcanic eruptions oi 'earth movements which occur during 
the^ peiiod of their distillation, but these agents, unless 
they produce heat, merely contiibute to, and do not cause, 
the change. 



CHAPTEE III 


MODE OF FOBMATION OF COAL $EAMS, 

The situ*' and ‘^Deift’’ Th'SOeibs of Deposition. 
— It is now necessary to enquire more carefully into the 
method by which the great supplies of vegetable matter 
arrived at their present position At the present moment 
theie aie accumulations of drift wood taking place on some 
of the large rivers of Africa „and America, an d though it is 
unlikely that these are destined to become seams of coal, 
they assist in arriving at a conclusion in regard to the 
deposition of coal seams. 

Captain Hall, who explored the great river Atc hafalaya , 
a tributary of the Mississippi, wrote in regard to its 
enormous raftage * The river just mentioned flows out of 
the Mississippi at a point about 250 miles from the sea. 
Twenty-seven miles from the efflux the raft begins, and 
extends over a space of 20 miles ; but as the whole distance 
is not filled up with timber, the aggregate raft is only 
10 miles long. The width of the Atchafalaya is 220 yards. 
The raft extends from bank to bank, and is supposed 
to be about 8 feet thick. It has been accumulating for 
nTore than fifty years, and is made annually larger by 
supplies of trees drifted into the river from the Mississippi.” 

It is easy to imagine that in process of time this great 
mass of wood will become covered up by sand and mud, and 
above it a soil may be formed, rich with vegetation (as 
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indeed occurs even now at certain seasons, the whole 
surface of the drift wood being covered with grasses and 
flower ing plants), ar^ finally a stratum of peat or lignite 
may b^formed. In this way some coal areas comprised of 
seams one. above another, the result of vegetation which 
grew at a considerable distance from the present point of 
the seams, were no doubt laid down. This is known as the 
(huft ” method. On the other hand such a theory of the 
formation is not consistent with the character of many 
other coal basins, the vegetation of which they are formed 
having evidently grown on sites now occupied by the seams 
This IS known as the in situ method. Or it is possible 
that the vegetation sprang up and flourished on the borders 
of vast lakes, into which they were finally swept by one of 
the agencies referred to. This is spoken of as the “lacu- 
strine or fluviatfle '’ theory. If the various coal basins and 
the seams occurring theiein are carefully studied, evidence 
in support of one of these three processes can almost 
certainly be found 

The In situ ” Method op Deposition. — It is easy to 
understand the mode of formation of the coal seams by 
this method, which has already been described (p. 11), 
and it is only necessary to add that according to this theory 
the recurring periods, first of prolific vegetation, then of 
submergence, left the beds of fuel with the deposits of sand 
and mud upon them practically m the same position as at 
first Many important reasons can be given in favour of 
this theory. The seams, which spread over large areas, are 
generally uniform in thickness, and the strata above and 
below the seam are also similar over large areas. Trunks 
of trees have been found erect, with the upper portion in 

c c 
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the roof and the bottom part in the underclay, the roots and 
rootlets being found quite comjDlete and evidently exactly as 
they grew. The small roots of smaller plaifts are often 
found in the underclay corresponding to the lepidodfndron, 
calamites and ferns found in the coal 3ust aboye. Up to 
the present time no coal beds*have been found which are 
entirely fiee from rootlets. If the vegetation was drifted, 
it IS reasonable to suppose that irf a few cases the jnass 
might drift on to rocks which contained no vegetable 
remains of any kind. Again, it is not easy to suppose that 
riveis could carry gieat masses of vegetation for enormous 
distances, and at length deposit their floating burdens so 
evenly , oi to suppose that this process kept recurring, thus 
forming separate seams 

On the other hand, the strata above and below the seam 
contain many fossils of sea plants and animals, and this is 
good evidence that the sea was the agent of the deposition 
of the rocks ; and it may also be urged that if coal seams 
are the result of drift and sedimentation it would benatuial 
to expect a large amount of ash and clehns to have been 
deposited in the vegetation, and even fish and other 
remains might be looked for for the same reason. 
Finally, it is found that the beds of fireclay on which the 
coal seams lie are invaiiably free from lime and alkalies, 
these mineials having been absorbed by the roots of 
growing plants. 

It IS evident, therefore, that if the whole of these argu- 
ments m favour of the in situ'' theory could without 
exception be sustained, the whole would form practically 
conclusive proof that the vegetation grew on the present 
Site of the seams. This is not possible, however, and there 
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are many strong proofs that some seams, at any rate, have 
# ** 

not thus been laid down. 

The DtiFT ” Hethod of Deposition. — The theory of 
the formation of coal seams by drift is supported by many 
geologists,^ who contend that the huge masses of decayed 
vegetable matter, after lyin§ in vast swamps for a consider- 
able time, were carried out by streams of water into lakes 
or estuaries When the water became motionless, it is 
supposed that the vegetation floated upon the surface, 
spreading out more or less uniformly over great areas, 
until finally it sank to the bottom. After this the lake 
became filled with debris washed dowm by the rivers, the 
lighter sand and mud bemg carried farthest by the current, 
until this also sank, covering up the vegetable matter and 
forming the strata now found above the seam. In support 
of this tneoiy, it is pointed out that many beds of fireclay 
are found without any sign of coal above them, and it is 
natural to ask if fireclay is the result of the absoiption of 
the lime and alkalies of the soil by the roots of the growing 
plants, what has become of the plants which grew upon 
those beds, and have now no seams of coal above th§m ? 
There are also many seams of coal having no bed of fireclay 
beneath ; seams have even been found deposited upon a 
distinctly strange formation. It is evident, therefore, that 
if the fireclay was necessary for the plants’ growth, the 
latter must have flourished upon some other soil than that 
upon which they are now found. Even when the under- 
clays are found they do not always resemble soils, being 
quite homogenous, parallel to the stiata below, but not 
always to the coal above Again, in the seams themselves 
there are thin paitmgs of shale or clod, but, however thin 

G 2 
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these aie, the roots of plants of the seam above have not 
disturbed or penetrated them. Some of these partings thin 
out m one direction and disappear altogether, «while in the 
opposite direction then thickness increases until one seam 
becomes two with many yards of strata between This 
variation in the thickness of the measures is quite consis- 
tent with the theory that the clehris has^^been carried down 
into lake areas, deposition taking place according to the 
specific gravity of the pai tides. These partings are often 
persistent over large areas, and it is probable that if the 
coal seams were laid down situ'' the river beds and 
variations in the quantity of vegetation would have inter- 
rupted its continuity. Finally, most geologists agiee that 

gannel’’ coal is of maune origin Large quantities of 
fish remains are found in it, and its general structure 
agrees with the drift ” idea. There is difficulty in denying 
the marine origin of “ Cannel ” coal, containing as it does 
such an abundance of fish remains, shells, and minute 
Crustacea, besides a great quantity of mineral ash. But in 
these lespects it is unlike all other coals, and as seams of 
Cannel are found to be vaiiable in thickness and limited m 
extent, they may have been formed either by diift or 
deposit 

Taking all the above points into consideiation, it is 
evident that it is both unwise and unnecessary to assume a 
definite mode of formation for all coal seams. Many beds 
"of coal are probably the result of one method of deposition 
of vegetable matter, while the vegetation forming other 
seams has been subjected to quite different processes. 



CHAPTER IV 


fos&1:ls op the coal measures. 

FgssiLS have been described by a well-known geologist, 
Bergmann, as medals of creation,” and this aptly illus- 



Fhoto ] [,;■ Lomax 

Fig 4 — Poition of a laige nodule fiom the loof (matrix cut 
away) composed of Gastiioceras Carbonaimm Listerii, etc. 

(J natural size) 

trates their nature and use They are the changed remains 
or impressions of natural objects which existed m their 
true state in early or recent geological times. In some 
cases they are merely the casts or impiessions of the outer 
surfaces of the lemains of plants or animals, foimed by the 
matrix m which they he. In other cases the original 
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organic body has disappeaied, and subsequently nifiUi^tion 
has filled the mould with mmeial matter, often some of the 
surrounding rock, and formed a cast winch is liestitute of 
internal structuie, but yet shows the outer foim ^f the 
original body. Moie larely a fossil may be an actual 
petrifaction in which the organic object has become 
mineialised and so pieseived, whilst it letains its oiiginal 
structure more or less peifectly ^ 



^hoto ] [/ Lomax 

Fig- 5 — Shale composed of maiino shells Aviculopecteii 
Papyaceus (J catuial size) 


In one of these ways the beautiful and often perfect 
impiessions or remains of branches, leaves, roots, animals, 
etc., found in or adjacent to beds of coal, have been 
formed. 

The shales associated with coal seams are usually fairly 
fossiliferous, yielding at times an abundance of plant 
lemains, or moie laiely various forms of animal life. It 
IS not often that the same shale bed yields both. For 
some reason the shales immediately overlying coal seams 
(roof shales) aie the most prolific both of animal and 
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plant remains. Clay ironstone, eithei in the form of thin 
bands or rows of nodules, occurs frequently in the shales, 
and often contains ^lemains in a fai better condition of 
preservation than those in the suriounding shales. Some 
of the ironstone bands aie so heavily charged with the 
shells of Anthiacosia (CarbOnicola) that they have received 
the name of mussel-bands.” 

The sandstones of the coal measures are less fossiliferous 

« 

than the shales, any remains found in them being in the 
form of internal and external casts, the oiigmal organic 
body having wholly disappeared. 

Notwithstanding this, fine examples of the casts of stems 
of the larger coal plants, such as Lepidodenclron and 
Sigillaiia of laige size with the leaf scars well preserved 
aie frequently found. Similarly, the huge spreading loots 
of the Stigmaria also occur m good condition in the sand- 
stones, and give unmistakable evidence of the enormous 
size to which many of the coal plants attained. While it 
IS almost ceitain that in those cases where we find a coal 
seam lying upon a bed of underclay or warrant earth, the 
latter permeated in all directions with rootlets, that we are 
dealing with an old land surface (see p. 11), and that the 
coal actually grew where we now find it, it is nevertheless 
equally certain that the shales which are repositories of 
both animal and plant remains were formed in lagoons or 
swamps often open to rivers, or the brackish waters of 
estuaries. 

The remains of coal plants which are found in shales 
were therefore water-borne, whilst the animal remains m 
all probability were capable of living in the lagoon waters, 
notwithstanding the fact that these waters received vast 
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deposits of mud, and were almost always more ^or less 
brackish. 

The practical value of fossils in tlj,e deterfnination of 
definite horizons or levels m the rocks is now knowfx to be 
veiy great, and a knowledge of the commonest fprms is at 
least essential to every mmel*. Certain fossils, as for 
exam'ple, Tellinomya Qohusta, are only known to occur at 
a single horizon : in this case, in the roof of the W^igan 
Cannel seam, and therefore the finding of this species 
would furnish strong presumptive evidence that the Cannel 
seam was not far off. More often a series of fossils of 
different species aie known to occur togethei in rocks 
which may be between two coal seams, or even at a con- 
siderable distance above or below them The finding of 
the bulk of these species in similar association when 
opening new ground would naturally cause a comparison 
to be made between the rocks at this level and those 
which occurred above and below the known hoiizon of the 
fossils, with a strong probability that the two would be 
found to agree within narrow limits. If this proved to be 
the case further boi mg or exploratory woik could be carried 
on with gi eater confidence, and with a definite end m view, 
le,, the finding of seams similar m chaiacter to those 
occuning below the horizon level of the suite of fossils in 
the known district Certain fossils are entirely restricted 
to one or moie levels, so fai as is known, and whilst it is 
always within the bounds of probability that their range 
may be extended by further research, their occurrence can 
be regarded as indicating one or other of these levels, and 
other confirmatory clues looked for. In practice this is 
found not at all difficult, as each horizon or level possesses 
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its ovm^ special characters of shale, grit, or some othei 
feature which, added to the presence of the fossils, makes 
the determination r^sonably sure. The special branch of 
scienc^which concerns itself with the study and elucida- 
tion of fossils is called Palaeontology. The character of the 
fossils which occur in the English coalfields is veiy nearly 
the same foi all. Those of the Lancashire and Stafford- 
shire^ coalfields are the^best known and most numerous. 

Fauna. 

Animal life during the coal-measure period was piobably 
much more abundant than is usually supposed, although 
it did not compare in numbers oi species with the more 
piuely marine phase which preceded it, viz., the carbomfeious 
limestone 

Hugh Miller, in pictuiing the animals in the carbomfeious 
forests, says, There is silence all round, uninterrupted 
save by the sudden splash of some reptile fish that has 
risen to the surface in pursuit of its prey, or when a 
sudden breeze stirs the hot air and shakes the fronds of 
the grant ferns or the catkins of the reeds. The wide 
continent before us is a continent devoid of animal life, 
save that its pools and rivers abound in fish and mollusca, 
and that millions and tens of millions of the infusory tribe 
swarm in the bogs and marshes Here and there, too, an 
insect of strange form flutters among the leaves.” This 
poetic and eloquent description is hardly correct in view of 
the later discoveries of many forms of air-breathing animals. 
The remains of nearly thirty species of land-dwelling or 
amphibious reptiles have been brought to light, and these 
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must have lived on the borders of estuaries or the 
marshes and muddy waters of their shores 

Amphibia. — The highest class at present knSwn to have 
existed is that of the Amphibia Most of the mSmbeis 
of the class, with the exception of AntJu acos/:tin u$ and 
Loxomma weie comparatively" small, j)ossessing feeble 
limbs hardly sufficient to support the whole weight of the 
elongated body. A long tail was pi^esent, whilst the jiead 
was usually flattened and triangular m form. Teeth weie 
present, the dentine of which was much infolded, giving a 
characteiistic labyrinthine aspect on a cross section. All 
belonged to the Ste(joce})hahan or Labijunthodont older, and 
no less than a score of genera are known from British 
coal measuies alone, the gieatei number having been found 
m the anthracite coals of the Castlecomer coalfleld of 
Ireland, The laige forms probably grew to a length of^^six 
feet or moie. Eemains doubtfully leferred to as the laiger 
labyimthodonta have been found in the middle coal measures 
of Lancashire, whilst the lower measures in the neighbour- 
hood of Colne have yielded a small form {Hylonomus JFildzi), 
a genus represented also in the Nova Scotia coalfield. 

Pisces. — The lagoons and waterways of the coal-measuie 
swamps were tenanted by a numerous series of fishes, many 
of laige size and predatory character, whilst otheis weie 
comparatively small. Shark-like forms aie lepiesented 
mainly by fin spines and teeth, amongst the chief being the 
laige denticulate spines of various species of Pleiiraccmthus, 
and the curious tri-cuspid teeth known as Diplodiis 
crushing teeth like those of Plewoplax and Helodtis, and 
teeth with a crenulated cutting edge like those of 
Gtenojptychkcs and Callo'pristod'm. The middle coal measures 




Fig G -An eel-llke Amphibian fiom the flow beneath the Aiithiacite coal, Jariow Colliery, Quein’ii County, Ireland 
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also frequently yield the stout dorsal fin sj^iii^es of 
Sphe7iacanthus, which bear an ornamentation of parallel 
longitudinal ridges. The name Gyi acc^itlms h^s been given 
to certain asymmetiical spines having a somewhat ^bunded 
anteiior bolder and ornamented with oblique ric^ges. They 
aie supposed to have been born*e in pans on the front edge 
of the pectoral fins. The teeth of Ctenodiib aie somewhat 
similar to those of the living Cefatodus in appearance, 
being triangular plates of bone, the upper surface of which 
is raised into parallel or diverging ridges with a crenulated 
or toothed edge. 

Megalichthys hihhei tii. This species is usually represented 
by large thick ihomboidal scales heavjly coated with a layer 
of dense black ganoine and finely punctated. The teeth are 
conical, loimded in section and bear an oinament of fine 
veitical lines. • 

Sti epsodii>s saw oides, Eepresented usually by large semi- 
rounded scales, ornamented with backwaidly diiected ridges, 
and by large laniaiy teeth which are flattened antero-pos- 
teriorly and doubly curved near the apex. The inner suiface 
is ornamented by fine parallel raised lines. The remaining 
portions of the teeth are smooth, and acutely conical. The 
teeth of the lower jaw are much larger than those of the 
upper 

Ehizodopsis sam oides This is one of the commonest 
coal-measure fishes, and grew to a length of about eighteen 
inches. Lower jaws, filled with a close series of small 
acutely pointed teeth, with larger laniary teeth at wide 
intervals, are by no means uncommon. The scales are 
somewhat pear-shaped and marked by a double series of 
concentiic and radial lines. 
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Coelacantlins The repiesentatives of this genus are 
small slender bodied fishes, sometimes found almost whole. 
The head w compayitively laige, the operculai apparatus 
especiaily so. The cianial bones have a paitially tubeicu- 
lated layer of ganoine. Prof. Huxley has desciibed the scales 
of C, elegans as thin, flat tod cycloidal, the middle of the 
hind bolder being prolonged backwards.” The exposed 
portion of each scale is* nearly triangular. The scale orna- 
ment consists of ridges converging towards a central line 
Rhadi7iichtliys, Several species of this genus are knowm 
R, Waidii, occurring in the Staffoidshire and Lancashire 
coalfields. It rarely exceeds four inches in length. The scales 
bear parallel rows of fine tubeiculations passing obliquely 
backwards and downwards to the posteiioi margin which 
is seriated. 

l^lomcJithi/s seiiiistnatm Usually represented by small 
scales, ornamented with simple or forked striations passing 
obliquely backwards and downwards and teiminating in an 
irregular network, or in a few scattered pits The teeth 
are smooth, slendei and incurved. Other species are 
E, seimstnatiis, E. Aitkeni and E Egeitoni. 

Gheiiodus gi anulosiis. Deep bodied fishes of rhomboidal 
form. The body slopes shaiqDly upwards horn the hinder 
part of the head to an acute angle about the middle of the 
back from which it descends rapidly to the tail. The 
vential angle is nearer the tail than that of the back and is 
also more acute The scales ai e ornamented with coarse 
granules oi tubeiculations in fairly legulai lines. 

Platysomus pai i idus, A deep-bodied fish of small size, 
with a comparatively large head, the bones of which aie 
partly striated and partly granulated The body scales are 
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Fig 7 — Mesolepis Scalaries (Youag) 
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gi eater in depth than length, with an ornament of vertical 
disposed stride. Upon the scales of the dorsal, ventral and 
anal regions^ the stii^ aie oblique. 

AcaMliodes Wardii, Chiefly known by broad flattened 
fin spines having a single groove and faint ridge neaily 
parallel to the anterior border. The scales are small and 
smooth. * 

Insecta. — Insect remains have not hitherto proved 
abundant in British coal measures, but the Commentry 
coalfield of Central France and the Saarbrucken of 
Geimany have yielded a great number, both of genera 
and species Of these, examples of Neiuopteia, ^.e., msects 
which have generally four wings marked with a netwoik of 
many nerves, are most numerous, being twice as abundant 
as examples of Oitkoptera, le., insects with wing covers 
tha| overlap at the top when shut, under which are the 
true wings, which fold lengthwise like a fan. A striking 
feature of these forms was their huge size, some species 
having a spread of wing of neaily two feet. From the 
Dei byshire coalfield has been obtained an example of the 
Oithoptera, Ai chceopilus, having a spread of wing of 
fourteen inches, and still moie recently neuropterous 
and orthopterous remams, and an example of Etoblattina 
have been found in shales over the Alley mine at Eoch- 
dale. 

Myriopoda. — Quite fifty species of Mynopoda are known, 
many occuiring in the English coalfields. Of these, the 
most common are : — 

Eitphohena, in which the many segments of the body 
all possessed two pairs of legs, and Xylohuis, in which the 
doisal plates are more or less united. 
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Arachnida. — Fossil spiders and scorpions have been 
recorded from several coalfields * Aichitaihvs soboialts, from 
Padiham, Lancashire, Eoipliiynus P^estivichw, fiom Coal- 
brookdale ; and Eoscojjnus Sparthensis, from the ^middle 
coal measures of Eochdale. 

XiPHOSURA. — Forms closely aihed to the King crab have 
been found m most of the coalfields. Pfestwichia rotundata 
IS fairly widely distributed It is a broad squat foim having 
seven abdommal segments, and short cephalic and caudal 
spines. Other forms are P. birtwelli, Cyclus Jolinsoni and 
C- Scotthi^ known only from the cephalothoiax and Bellmums 
belluliLS, olim Linmliis limttloides, 

ScHizopoDA. — Certain shnmpdike foims occurring in the 
coal measures are now referred to this order, and amongst 
others are included Pygocephalus coopem, from Lancashire , 
Co angopsis, from the Scottish coalfields , and Aoith'apalcenion, 
from the South of Scotland, Lancashire, an4 the Illinois 
coalfields, U.S.A. 

OsTRACoDA. — Ostracoda are abundant in most coalfields, 
and long lists of species have been recorded. The chief 
genera aie Lepeoxhtia, Beyoiclua, Cao'boma, Candona and 
Bmo'dia. Wherever ostracods occur, they do so almost 
invariably m abundance, but their minute size causes them 
to be often overlooked. They serve, nevertheless, as useful 
guides to the miner, 

Brachiopoba. — Several forms belonging to this group 
may easily be mistaken for minute brachiopods or lamelh- 
branchs. Estliena has a wide range, being found in the 
English and Continental coalfields, and in America. Lema 
Leidyii occurs in the English and American coalfields. It 
IS worthy of note that the general arthioped fauna of the 
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English coal measures has rapidly increased of late years 
largely owing to the labours of Dr. Heniy Woodward, and in 
all probabilSy it w^l be still further increased as more 
careful^search is directed to the coal shales. 

Mollusoa, — The highest class of the mollusca, that of 
Geplialo2)oda, is represented ih the coal measures by nautiloid 



Photo 3 [J. Lomax 

Fig. 8 — Block from roof of coal seam, containing a large Nautilus 
natural size.) 


forms, such as Coelonautilus, Discites, TemnoclieiluSy and 
Nautilus^ by straight- shelled forms belonging to the family 
Orthoceras, and by numerous species of Gojiiatites. The 
latter are now divided up into several families and genera, 
amongst the chief being OlypJiioceras, represented by G 
tmncatim, G, reticulatum, G diadema^ and G. paucilohum , 
Gastrioceras, to which is referred the well known fossil 
foimerly known as Gomatites Listen, and a closely allied 
form, (?. carhonaiium, whilst Dimorphocei as Gilheitsoni is a 
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small flattened species occurring usually m colonies of many 
individuals Very few of the cephalopoda pass up into the 
middle and upper measures, the gregi^t bulk them being 
common not only to the lower series, but to the siiales of 
the Millstone Giit below. A lemarkable marine band” 
in the middle coal measures oc(?urs in the banks of the Eiver 
Tame at Dukmfield, which has yielded a suite of fossils 
much resembling, and in some cases identical with, lower 
coal-measure forms. Amongst the cephalopod fauna are 
two or more species of Discites, Nautilus precox, and a 
species of Goniatites. 

Gasteropoda. — The coal-measure gasteropoda have as 
yet attracted little attention, and very few satisfactory 
species are known. In nearly all cases the forms axe 
small, and the shell ornament obscured by a thin closely 
adherent layer of shale. Provisionally they may be divided 
into three groups according to their form. The first and 
commonest are small turreted shells of from five to eight 
whorls, which have been classed with Turntella, Loxonema, 
Macrocheilus, Melania, and Rissoa. To the second group 
belong forms m which the last or body chamber is much 
swollen and the spire small and acute. These appear to be 
closely allied to Natica and Naticopsis To the third group 
belong shells of a Bellerophon type. Seven species of the 
latter are recorded from the English coal measures, and 
Euphemus Um, from the middle series. The coal measures 
of South Joggins, Nova Scotia, have yielded several geneia 
and species of land mollusca. 

Pelecypoda. — Bi-valve mollusca are the commonest of 
all coal-measure fossils, the species of Anthracosia {Cai- 
bomcola), Anthracomya, and Naiadites (Anthi acoptera) 
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being ^ particularly numerous, especially in the middle 
measuies. 

The first dt these often forms definite bands through the 
shales ^r ironstones, and are known as mussel-bands.” 
Gai ho7iicola^B,nd Naiadites are fairly numerous in the lower 
measures, whilst Anthi acomya is rare. In the middle series 
all the genera are well represented by numerous species, 
whilst^ only examples oi*A7ithracomya and Naiadites pass up 
into the upper measures. 

Garhonicola {Antliracosia), — A genus in which the shell 
is somewhat similar to the common mussel in appear- 
ance. The anterior part of the shell is usually somewhat 
swollen, whilst posteriorly it becomes narrow and at times 
angulated. The surface is marked with coarse concentric 
lines of growth. The umbones are tumid and frequently 
eroded. 

The following are the chief species of Gai homcola, all of 
which are common to the lower and middle series. Gar- 
bomcola robusta, G, acuta, G. lugosa, G. nuctdaiis, G. aquilina, 
G* subconsti icta , G. acuta and <7- aqutbna occur in vast 
numbers in certain of the lower shales, whilst G. robusta 
is the species of the ‘‘ mussel-bands ” of the middle 
series. 

Anthracomya, — A genus in which the shell is small and 
rounded anteriorly, the posterior end being expanded. 
The hinge line is straight and long. An oblique rounded 
ridge passes backwards and downwards from the umbones 
to the hinder inferior border. The surface is marked by 
fine concentric lines of growth, whilst the periostracum is 
often wrinkled. It is, with the exception of A. Warclii, 
a typical middle and upper coal-measures fossil. A, Wardii, 

j> 2 
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A, modiolaris, A, dolah ata and A. minima are confinecj to the 
middle series, A. Phillipsii is usually regarded as equally 
typical of the upper beds, but m tb-e Somefsetshire field * 
has been found ranging downwards almost to th^base of 
the coal measures. A. minima, lau caiinata, ^d A. Iceiu, 
var, Scotica, are common to the middle and upper series. 

Naiadites, — A genus m which the anterior end is compara- 
tively small and stout, from which It expands to the hinder 
and inferior border. The shell is therefore very unequi- 
lateral, a feature which is strengthened by an oblique ridge 
rising fiom the umbones and dying out upon the inferior 
border. This genus is represented in the lower series by 
N, modiolans and A/', qiiadrata, which also pass up to the 
middle beds, where the following species also occur : — N. 
Browniana, N. carinata, N. elongata, and N, crassa ; N, 
Broiomana also occurs in the upper senes of Lancashire. 

Ptermopecten papyraceus is a pecten-hke shell, marked 
with numerous radiating ribs. It is one of the most 
characteristic lower coal-measure fossils, being found in 
crushed masses in the shales, or uncrushed and well pre- 
served in the roof nodules, commonly called Bullions,’’ 
of the Upper Foot and Union mmes of Lancashire, and 
the Halifax Hard Bed of Yorkshire. Closely allied forms, 
Pseudamusmm fihrillosus and P. Cairnsii occur in the 

marine band ” at Dukmfield. 

The genus Posidomella, in which the shell is unequilateral 
and mytihform, is interesting as linking up ceitam of the 
shales below the Millstone Grnt, with the latter and the 
lower coal measures. Several species are known, the most 
important being P. Icevis, P. mino7\ P sub-quadrata and P. 
Icevigata, 
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The Pelecypoda of the coal nieasuies have been ^fairly 
thoroughly described and figmed by Dr. Hind in his 
Monograph on “ Carboiiicola, Naiachtee^ and Afithracoinya,^’ 
published by the Palseontographical Society, whielf ought 
tq be made use of by the student for deteimmation of 
species. 

Brachiopoda. — This large class, although well repiesented 
in the carboniferous limestone, is "conspicuously weak in 
the coal measures, only two species having any importance.. 

These are Lingula rngtiloides, which frequently occurs in 
abundance in the black shales of the lower measures, and 
Orhiculoidea nitida, which is common to the lower and 
middle series. 

Veemes. — This division probably had a much greater 
development than is now evident, the wholly soft-bodied 
forms having left no trace of their presence, exceptr by 
burrows and worm-tracks in the sandstones. 

Sjpiioihis pusilhts, which possessed a minute simply- 
coiled shell, was ubiquitous, ranging all through the series, 
and was often found attached to leaves and fronds. 

Spiroihs hehcteres is abundant in the upper series of 
Manchester. 


Flora, 

The character and lelationship of the numerous fossil 
plants found in the coal measures is not yet fully under- 
stood, although considerable progress has been made m 
this direction. Many fruits, leaves, stems, and roots, 
which were formerly regarded as distinct genera and 
species have been shown by a study of their structure to 
be nearly allied, and in some cases identical, and many 
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fossilg regarded as ferns are now believed to be the leaves 
of tree-like forms. 

The stu(!^ of tb^ fossil flora may be said to have 
commerced by the labours of Brongniart and Grrand^Eury 
m France, ^Hutton and Binney and Williamson in England. 



Fig 10 — Annulaiia 


It is during the last twenty years, however, that progress 
has been most marked, a powerful school of paleo-botanists 
having devoted themselves to the subject with remarkable 
results. Most of the material which has yielded these 
results has been obtained from the famous nodules or 
concretions sometimes termed coal balls ” of the lower 
coal measures of Lancashire and Yorkshire. The coal 
balls consist of irregular aggregations of plant remains, in 
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wLich ^tliG most delicate tissues are often wonderfully pre- 
served, bound together by eaithy material and disorganised 
vegetation, rithly impregnated with carbonate of lime, w^hich 
will be ftiore fully described later. 

As the whole subject of paleo-botany at present stands, 
the student will find that on^ series of genera and species 
are founded upon exact structuial details and true 
botanical relationships,* whilst a second and older series 
of genera and species are founded upon the external forms 
and appearance of fruits, leaves, fronds, leaf-scars, stems, 
and roots. The labours of the present school of paleo- 
botanists are resulting in the linking up of external features 
to internal structuie, and in time it is almost certain that the 
great bulk of coal plants will be coiiectly understood, and 
that many now familiar names given to coal plants upon 
external characters alone will disappear, to be leplaced by 
others founded by internal stiucture and natural relation- 
ship. This result is unavoidable, as it has been con- 
clusively proved that in some cases the root, stem, leaves, 
and fruit of a single plant have leceived separate generic 
and specific names. 

One feature which has not yet received the consideration 
it deserves is that of the stratigraphical succession of the 
coal-measuie flora. The labours of Grand’Eury on the 
Continent, and the later work of Kidston in Great Biitain, 
seem to show that it will yet be possible to determine 
stratigraphical sequence by the flora alone. 

The flora of the coal measures consist chiefly of Lycopods, 
Calamites, Goniferae, and Cordiates. 

These grew with a profusion unknown since that time ; 
slight and delicate herbaceous plants were no less numerous 
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than tall, outspreading ones, and have been preserved in 
many cases in great peifection. Of these beautiful plants 
the most confmon ar^Pecopteris, Alethopteris, Neuropteris, 
Sphenof)teris, Odontopteris. The Lyeopods were repre- 
sented by the gigantic club moss Lepidodendron, which 
stood upwards of fifty feet ih height. Many coals contain 
large quantities of the spores of this tree, notably the 
flaming coals. The fossil bark of the Lepidodendron is 
probaoly the most familiar of all fossil remains of the 
coal measuies. 

The Lepidophloios, Bothrodendron, Sigillaria, and its 
roots Stigmaria ficoides, etc., aie also included m this 
class. 

The Sphenophyllum class, although common in coal- 
measure times, are quite distinct from any other group 
at present known. 

The Coniferae, Cycads, and Cordiates, though not found 
in great abundance, must have formed a conspicuous 
feature of the carboniferous forests, with their stately 
trunks and long leaves. 

This early period of plant life is well described by Hugh 
Millar “All round us are the relics of innumerable forms 
of plant life which flourished and waved largely and 
luxuriantly in the warm breezes long before Egypt was 
dreamed of, or Nineveh ever knew Nimrod, or Athens 
knew Thesus or Athene, or Eome knew Eomulus, or to 
begin aright, Adam knew Eve. Every tree and plant 
whose luins are here compressed into these beds of 
coal was green, and was wood centuries and centuries 
before Eden had her first rose and Eve had her first 
walk amid the beautiful floweis. The age of the Pyramids 
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of Ghizeh is nothing compared with this great pyramid 
of coal. Long, long before that pyiamid arose above 
the sands, these se^ms of coal were packed up close, 
aiiangSd and leady for human discoveiy and fuither 
use.” 

The subject of Fossil Bo*tany is dealt with more fully 
in a subsequent chapter. 



CHAPTEE V. 


BOTANY OF THE COAL-MEASUEE PLANTS. 

The development of the sciencep of Palaeo-botany^ that 
is, the study of fossil plants, especially those of the coal 
measures, has opened out a field of research which will 
eventually prove of great assistance not only in enabling 
the origin of large numbers of present day genera and 
species to be traced, but in the identification of coal seams, 
and the coi relation of the various coalfields of any single 
country and their connection with the coalfields of the 
world. • 

Palaeo-botany, or fossil botany, is practically a new 
science. Thirty years ago there was really nothing known 
of it, and many of its pioneers are still living. These 
pioneers include the late Drs. Lindley and Hutton, the 
late Prof. W. C. Williamson, of Owens College, Man- 
chester, the late Mr. George Wild, of Oldham, the late 
Mr. John Butterworth, of Shaw, Mr. W. Binney, of 
Manchester, and others, in a more or less degree, in this 
country. In France, M. Grand’Eury, Adolph6 Brongniart, 
Dr. E. Zeiller, the chief engineer of mines, and the late 
Dr. Eenault, of Paris. Also m Germany, Count Solns- 
Laubach, of Strasburg, Dr. Potonie, of Berlin, Dr. Sterzil, 
of Chemnitz, and others. It is to these men that geologists 
especially are indebted for revealing the wonderful beauty 
and perfection of the fossil remains of a bygone and prolific 
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vegetation, which has never been repeated through all the 
subsequent years. These men introduced the present 
system of the studj^ of Palaso-botany. This does not 
depend fipon the outside shape of the impression or cast, 
but upon the internal or anatomical structure exactly as is 
done in the study of modfern botany. The specimens 
collected and housed in museums usually show only the 
cast or impression of the outside, or part of a plant, a piece 
of a stem, a branch, the leaves, the fruit, the roots, or 
other broken and detached parts. It is seldom that a 
fossil plant is found complete in itself. This has caused 
some confusion in the naming and classification of fossils ; 
in many instances the lower portions of the stem have been 
given one name, the upper portion another, while the leaf- 
stalk and the foliage have also been confused. Through the 
discovery of many specimens showing not only the outside 
or cast of the fossil, but the internal structure as well, the 
study of the plants of the coal measures is now more in 
keeping with the modern methods of practical botany. In 
many cases the structure is preserved so perfectly that it 
remains as it was when the plant was alive. Such speci- 
mens are not common, it is true they occur only in a 
few isolated places, mostly m the lower coal measures, and 
in a few cases m the middle and upper measures. It is 
well known that all vegetable and animal tissues consist of 
various kinds of cells. Vegetable tissues consist of many 
shapes, sizes, and thicknesses of cells ; some aie round, 
others are almost square, others again are hexagonal, etc., 
some have ladder-shaped markings, some are formed like 
a pipe or tube of indiarubber, with a spiral thickening inside 
to keep the tube open, while others are like a bundle of small 
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tubes lying alongside each other with perforated^ sides. 
These vaiious forms have been found in all plants from the 
time pi'eceding the carboniferous ag% to the firesent time. 
The forms have been alike; the only diffeience hasibeen in 
the arrangement and differentiation or characteristic quali- 
ties of the various species. *We have already described 
the mode of formation of coal seams and coalfields, and 
with these in our minds, it is an easy matter to account 
for the preservation of some of these well-preserved plants, 
which ought, in the ordinary course of events, to have 
been carbonised or converted into coal. At the time of the 
formation of the seams, when, as has been said, large 
tracts of country and of forest weie totally or partially 
submerged, the sea probably contained a greater quantity 
of lime, silica, etc., in solution than it does at present. 
The water formed into small lakes, pools, swampSj,, and 
lagoons, and these would be joined by small rivers or 
channels caused by the water running from a small pool 
at one elevation to another pool at a lower. The channels 
or goits thus formed varied in depth and width, no doubt, 
but in many cases ran through accumulations of the vege- 
table matter already described. During its course from 
place to place the water would gather pieces of this vegetable 
matter, roll them along, and thus make them more or 
less round. The surrounding ground also was undermined, 
lettiug in parts of large stems and roots, which also would 
become more or less lound in their progress along the 
stream. At the same time petrifaction was going on. It 
is probable that in many places there were pools where a 
great amount of evaporation was taking place, leaving 
in many cases nothing but a pure lime-like solution of 
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carbonate of lime and silica. The material in which the 
petiified plant remains showing vegetative structure are 
enclosed, is always moje or less lound ; they are composed, 
chemicaily, of carbonate of lime, carbonate of magnesia, 
bi-sulphide of iron, oxides of iron, and silica m varying 
proportions. “ They are al\fays found embedded in or 
taking the place of the coal, thus showing that they have 
been deposited in the ismall streams or channels, cut 
through the decaying vegetable matter, which afterwards 
became a seam of coal. At Shore, near Littleborough, 
Lancashiie, an excellent example of this is found in a 
mine owned by Mr. W. H. Sutcliffe, F.G.S. At certain 
points the coal seam is replaced by a bed containing 
nothing but the remains of petrified plants or nodules of 
this kind. In this way branches of trees, fruits, seeds, and 
other, vegetation, which were dropped or blown into the 
stream, weie petrified ; in some cases delicate seeds, coveied 
with the most exquisite hair-like filaments, have been 
perfectly preserved in every particular. 

It will thus be seen that the Palaeo-botanist can dissect, 
compare, or correlate fossil plants with those that are at 
present in a living state, and is enabled to tiace the origin 
of a good many of the genera and species of modern plants 
In the grounds of the South Kensington Natural History 
Museum there is a fine example of Araacai ioxylmi Withami 
(Lindley and Hutton) , a petrified trunk of a large tree. This 
is one of two large stems found in the sandstone rock of 
Craigleith Quarry, near Edinburgh. When found it was 
about 35 feet long and nearly 4 feet in diameter in 
its thickest part. The other is in the Botanic Garden, 
Edinburgh. The tissues of these stems in places are fairly 
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well preserved, with the exception of the cortex, which is 
replaced by a thin coating of coal. This huge fossil tree was 
formeily supposed to be similar to the modern Armicm la, 
a type of which is the common garden ornamen?tal tree, 
Araucana imhncata^ commonly known as the monkey puzzle 
it ee, but really belonged to a didtinct family. Araucanoxylon 
(or Pitys) no doubt, a member of the Cordaitese, 

and very remote from A'iaucarta.* Whether there ^is any 
affinity between them is a disputed question. The vegeta- 
tive or internal stiuctuie of this fossil is in places fairly 
well preserved, the mineral matter consists of dolomite, 
with heie and there a little siliQa. It is puzzling to 
account for the petiifaction of such huge stems, except in 
the manner suggested above. The tiees have not grown 
on the same spot as found, but have been earned or con- 
veyed from their original position by water, and durmg a 
portion of the journey petrifaction commenced, and was 
finished in the bed of sandstone as found in the quairy. 
If we leturn now to the petrifactions found in coal, we 
find a similar condition of things. In Plate I. we have 
a photograph of a number of nodular concietions, or coal 
balls composed of petrified plants, from the Upper Foot 
Mine, Lower Coal Measures, Dulesgate, near Todmorden, 
Lancashiie. These nodular masses are embedded together 
similar to a conglomerate. The cementing material is 
usually carbonaceous matter, not always a true coal, more 
often a mixture of coal, iron pyrites, carbonate of lime, 
magnesia, and silica. In nearly all cases it is found that 
the cementing material takes a regular contour round the 
petrifactions, as if a quantity of vegetable pulp had been 
allowed to flow over a collection of pebbles till completely 
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Plate I 

Calcareous nodule from Coal. 
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covered. The block on Plate I. originally measured about 
1 ft. 6 ins. by 1 ft, by 1 ft., and the weight about 100 lbs. 
It was made up of a number of nedules ofVanous sizes, 
the fossil contents of each one being different to ffis neigh- 
bour. At the top end (Sig.) there is a portion ^of the outer 
cortex of a stem of Sigillaria elegans , on the left, there is a 
nodule with a stem of Bothrodendron {Both.) ; lower down on 
the same side (Lejp,) there is another nodule with IjJie axis 
of a fruit Lepidostivbiis ; at the bottom end {Zy.) a fern stem 
is peeping out, Zygojptens Bibractiensis , on the right (Lyg.) 
there is a fine stem of Lyginodendron Oldhamium ; higher 
up and nearly in the middle there is a portion of a large 
stem of Sigillana (Sig.)- By this it will be seen that a 
varied number of stems of different species is obtained, but 
in no case does the stem which is in one nodule continue 
into its neighbour, although this might have been expected 
if all the vegetable matter had grown and died in situ. 
The perfect state of preservation of some of these stems is 
wonderful, as, for example, the stem marked Lyg. on the 
right of the picture; this, on the surface, shows the outer 
cortex C, and the two ends A' and J."; the end A" shows 
a branch being given off, which is marked B. When the 
specimen was cut transversely at the point D, and a 
transparent section made from it, the vegetable organs were 
revealed as shown m Plate II., Fig. 4. 

LYomoBENDKON Olbhamium. — It is not necessary to trace 
the growth of these fossil forms of plant life, but to give a 
general 7 esime of the position each one occupies in relation 
to existing plant life. The one now under consideration is 
one of the most common fossil plants we find in the Lower 
Coal Measures, and at the same time has been investigated 
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Plate II 

Ptendosperm . Lygmodendron. 
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in all its parts. A similar stem to this was first discovered 
by Biniiey in 1866, and fully described by Williamson in 
1871, under the name of Dicti/oopjloii Old^iamium, after- 
wards changed to Lyginodeyidron Oldhamium, is 
retained to the present time. Lyginodendron at first sight 
presents a structure in which. Cycadean characters appear 
to predominate. Cycads are an order of Gymnosperm 
plants, i.e., plants bearing naked seeds. These usually have 
simple or unbranching stems with pinnate leaves borne in 
a crown at top and fruits which are all of the simpler form 
of Gymnosperm type, though varying in structure and 
arrangement. The stems are exogenous in structure, ^ e., 
formed by having the wood augmented annually from 
outside. The pith is of consideiable size, surrounded by a 
zone of wood and bast, with a layei of cambium a 
layer of delicate cells which separates the sap wood of an 
exogenous plant from the inner newly-formed baik) some- 
times perfectly preserved between the two ; the wood and 
phloem have a regular seriation resembling that of the 
corresponding tissues of a recent Cycad, but in and around 
the pith several distinct strands of primary wood are evident, 
which are not met with in the vegetative stems of Cycads. 
The primary zylem strands which are shown in Fig. 4, X\ 
belong to the leaf trace system of the plant , they pass out- 
wards through the secondary wood, X!\ Fig. 4, into the peri- 
cycle, Pd., which they traverse for some distance, forming 
themselves into complete bundles. When they leave the 
secondary wood they are one bundle only {see Fig. 4, Lt), 
but after traversing some distance in the pericycle they divide 
into two distinct bundles {see Ltl — 2 — 3 — 4, etc.). Lt 5 is 
the most advanced, and would m the ordinary course pass 
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through the cortex (7, and enter the leaf stalk, as shown in 
Pigs. 10 and 11. Plate III , Pig. 10, is a tiansveise 
section of the leaf stalk showing the two "onndles {Vb) 
together forming a rough V-shaped mass of fascular 
tissues ; Pd. is the periderm ; Ph, the phloem and C, the 
cortex. 

In Pig. 11 is shown a vertical section of part of the 
main stem, St , with a leaf stalk, L§., and foliage attached ; 
Lh. shows a leaf with pinnules or leaflets, P. The 
foliage corresponds in many ways to that of a fern, and 
had in fact been acknowledged as a true fern until the end 
of 1899. In some of the young stems, before the secondary 
thickening commences, the resemblance to the stem of an 
Osmundaceoiis Fe^n (Boyal Fern) is very striking. The 
foliage has long been recognised as identical with that of 
Splmiopte^ IS Hoemnghaiisii, two species of which are shown 
in Pigs. 12 and 13. On the mam stem or rachis of these 
two specimens, Sp., will be seen a number of piotuberances 
or outgrowths: these are also to be seen on Pig. 18. 
These outgrowths are characteristic of Lygmodendron. 
In young shoots and stems the cortical {i.e., the outside or 
rmd) tissues are almost always covered with long hair- 
shaped bodies, which are long and delicate with a knob at 
the end {see Pigs. 21 and 22, Plate V.) ; similar bodies, 
too, are represented on therestoiation of the fruit (Plate VI., 
Pig. 18) ; the function of these bodies is not exactly known, 
but undoubtedly they were of the nature of glands. 

The leaf trace bundles of Lyginodendron have precisely 
the same structure as the foliar bundles of recent Cycads ; 
the vessels of the woody portion of the stem also resembles 
Cycads They aie characterised by having numerous 
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bordered pits (BP., Plate IL, Fig. 5). This gives a geneial 
idea of a radial section of the stem P. is the edge of the 
pith, Ml . are'^the medullary rays, Lt aie leaf trace bundles, 
Pd. pel Mum, and BP are bordered pits. The blanching 
of the stem, was very frequent in some specimens. The 
roots were mostly casual or adventitious, being given off 
from various parts of the stem, and in many cases branch- 
ing repeatedly immediately after leaving the stem, these 
again giving off* numerous small rootlets. The structure, 
too, of these roots, especially when young, had a somewhat 
marattiaceous character (like those of Marattiaceous Ferns), 
but on undergoing secondary growth assumed the structure 
of the loot of a Gymnosperm. The root was first described 
by Dr. W. C. Williamson as being distinct from any Lygino- 
dendron. He then named them Kaloxylon Hookerii. In 
Plate III., Fig. 14, there is a transverse section of an almost 
perfect young root, which shows the primary and secondary 
wood very well; Px, X". Fig. 15, too, is perfect; this is 
in structure almost identical with some of the modern 
Gymnospermous roots, such as Ptnus Sylveistns, etc ; the 
roots freely branched and gave off numerous rootlets 
Towards the end of 1901 the vegetative structure of the 
stem was fully demonstrated In the following year definite 
evidence was first obtained as to the nature of its seeds, 
or reproductive organs. Many years ago the outgrowths, 
or glands, mentioned above, were frequently noticed, and 
ultimately it was through the glands that the seed was 
found. Prof. F W. Oliver ^ was the first to identify the 

^ See Ohver and Scott on Lagenostoma Lomaxi (“ Proceedings of 
Royal Society,” Yol 71, 1903, and “ The PMl. Trans Royal Society,” B, 
Yol 197, 1904) 
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seed of Lyginodendron by means of the glands pn the 
cupule. Mr. James Lomax then made a systematic search 
for other evidence, with the result that he gj’t other speci- 
mens which confiimed Pi of Ohvei’s conclusion <ihat the 
seed named by Dr. W. C ‘Williamson in cei tain ^manuscripts 
Lagenostojiia Lomaxi, was the seed of Lyginodendron. 
The seed when found was enclosed in an outer envelope, 
or cupule, bearing numerous capitate glands, i,e , ^glands 
possessing a head, or spines, identical with those in form 
and structure so often found on the vegetative organs of 
Lyginodendron Oldhamiim, and with which the seeds are 
constantly associated There is no other fossil plant known 
with similar appendages, and the evidence of the glands alone 
would be sufficient to justify the attribution, consideiing 
the close association of the vegetative and reproductive 
organs in question. Furthei anatomical evidenee is 
supplied by their internal anatomy. The vascular or 
arterial bundle of the pedicel, or stem bearing the seed, 
has the same stiuctuie as a small leaf stalk or rachis of 
Lyginodendron, while the smaller bundles which traverse 
the cupule, le,, the husk or shell, agree with those in 
the lamina of the vegetative leaflets Fig. 18, Plate IV., 
IS a restoration of the cupule and the seed * Lag., the 
Lagenostoma or seed; Mi., Micropyle or mouth of the 
opening of the ovulum ; CL, glandular bodies ; Lb., lobes 
of cupule , Pd., the pedicel or foot-stalk of the seed 
The above figure is reproduced from a model made by 
Mr. H. E. Smedley, under the instruction of Dr. F. W. Oliver, 
after a study of more than one hundred seeds, etc., found 
and prepared by Mr. James Lomax. Plate IV., Fig 16, 
is a vertical section of a mature seed, Lagenostoma Lomaxi, 
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which is cut through the micropyle A,, the central colvimn of 
the nucelliis Cc., the pollen chambers Pc., pollen grains P^., 
and the megaspore, Me^ ; It , the inner testa, covering of 
the seed and the palisade layer or outer testa Ot. •Fig. 17 
is a transverse section of a seed similar to the last, cut 
through the base of the pollen chamber. The nucellus in this 
section is well shown , on the periphery of the column there 
are several pollen grams lying in cdiitact (see Pg., Fig. 16). 
A fully matured Lagenostoma Lomaxi would be about the 
size of a small pea. The shell, or testa, was a fairly strong 
one, made up of the palisade layer, which is well shown in 
Fig. 16 ; this layer had also, in some of the seeds, peg-like 
protuberances attached to it, which gave it a rough outward 
appearance. The apex of the seed was slightly depressed 
in the centre, in which depression the micropyle was 
situated. In the micropyle was the orifice of the pollen 
chamber, which was bounded by the annular pollen 
chamber, Pc . ; m the centre of this rose the central column 
of the nucellus, Ce , which extended a little above the outer 
layer of the testa. In this position it would most readily 
come in contact with the male reproductive organs In 
these two seeds (Figs. 16 and 17) there are several pollen 
grams in contact with the central column. The apex of the 
seed, as in the recent Cycads and Ginko, contains the pollen 
chamber and nucellus ,* below this is the megaspoie or 
embryo-sac. The seed was of complex organisation, and 
shows that Lyginodendron,m spite of its fern-hke characters, 
had attained a position very near the Cycads. The struc- 
ture of the pedicel indicates that the seed was borne on a 
foliar branch, but the exact position is not known. The 
evidence goes to show that the seeds were borne on modified 
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fronds^or pinnae of a compound foim. In Fig 23, Plate V-, 
we have another seed of Lyginodendron, viz , Physostoma 
elegans, which diffeis somewhat fiom Lagenostoma Lomaxi, 
the testa in this being coveied by numerous hair-like bodies, 
similar m some lespects to those glandulai bodies found on 
the leaf stalks and stems {see Eigs 21 and 22). In Fig. 23 
they are well shown, especially near the apex, A . ; these 
bodies^have a columnar toangement round the testa which, 
when seen in tians-section {see Fig. 24), give it the appear- 
ance of a small flower. A good transverse section from 
a well-preseived specimen is undoubtedly one of the most 
beautiful of the coal-measure petrifactions Figs 23 and 24 
show a number of hair-like bodies, A , A., in transveise 
section ; ikf. (Pig. 23) is the apex of the micropyle with two 
of the columnar bodies in vertical section ; Nil, the nucellus ; 
Pc., the pollen chamber. In 1877 Stur described a form of 
fructification under the name of Galyvimatotheca Sticmgeiii 
(Fig. 25), belonging to a so-called fossil fern, Splienopteris 
Hceninghausii {see Figs 12 and 13, Plate III.), which has now 
been proved to be the foliage of Lyginodendi on Oldhamia, 
This was of the lower carboniferous age, as also aie the 
seeds in question. Fig. 25, Plate VII , is a drawing from 
the origmal specimen by Miss Woodward. It represents a 
fertile fiond bearing a number of deeply lobed cupules, 
borne on a naked branching rachis. These are undoubtedly 
lobed cupules or indusia Some Palaeo-botanists have main- 
tamed that they are sporangia. There is but little doubt 
that they are of the same nature as the cupules of Lyqnio- 
dendron Oldliartmun, from w^hich the seeds have been shed 
prematurely. A seed has been lately figured and desciibed 
by Mr. Arber, Lagenostoma Sindaii (Kidston), evidently 
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allied to the seed of Ljgmodendron, and like the latter, it 
IS invested m a cupule: these aie figured on Plate lY., 
Figs 19 and ftO. M. Grand ’Eury, in France, has observed 
SIX lobed cupules, in some cases still retaining seeds. So 
far we have dealt with the female reproductive oigans only. 
Mr. Kidston’s important discovery of the male organs, 
Lyginodenclron Oldhamia,^ has completed the information 
on this important fossil plant The fertile pinnules occur 
on the same fronds which bear the ordinary vegetative 
leaflets, so that he was able to demonstrate direct organic 
connection with the foliage of Lyginodendron. The 
sporangium with microsporangia was first described by 
Miss M Benson ^ in 1904 under the name of Telangiiun 
Scottn. This fructification had the structure preserved, 
and in many cases the sporangia contained miciospores. 
On Plate VII , Figs 26 and 27, will be seen two groups of 
these sporangia Fig. 27 shows two long sections of the 
sporangia containmg many spores, Sp Gk (Fig. 26) is a 
group of sporangia ]ust as detached from the fertile frond, 
cut a little obliquely, the four others, Sp., near these, being 
cut transversely. The form of the sporangia in long section 
was similar to those of Fig 27, and in transverse section 
similar to the four sporangia in Fig. 26, Sp. From four to 
eight of these sporangia would be joined together to form a 
synangium (giape-like clusters), which would be borne on 
a fertile branch, and hang downwards from the pmnae. 
The pollen which they contain agrees with most of those 
found in the pollen chamber of Lagenostoma There is 
little doubt that Telangmni Scotii is the male organ of 

1 ‘‘Phil Tians Eoyal Society,” Senes B, Yol 198, 1906 

^ “ Anns of Botany,” Yol 18, 1904 
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Lygmoclendron Oldhamium. The position which this genera 
occupies m the modern classification of plants is a stage 
intermediate between that of Cycads and Pern^. Professoi 
Potoniej of Berlin, some time ago proposed the name of 
Cycadofihces for the group, and this has been accepted. 
The highly organised seed strongly indicates Cycadean 
affinities, and the microsporangia of the fructification is 
entirely fern-like m its nature. The Lygmodendron and 
several other fossil coal plants which have fein-like^foliage 
and highly oiganised seed have therefore now been 
giouped together as a distinct order, under the name of 
Pteridospeima, or fein-like plants with proper seeds. 

In the foregoing portions of this chapter a genus of 
fossil plants has been dealt with occupying a position 
botanically which no mode'in plants occupy. All fossil 
impressions possessing foliage resembling that of a fern 
were foimeily classed as belonging to the true Ftlices or 
Fern family. Such was not the actual case ; evidence has 
been gradually accumulating which proves that a large 
portion of the so-called Palaeozoic plants, commonly classed 
as ferns, were in reality seed-bearing plants. For a number of 
years it has been the custom to speak of the Palaeozoic period 
as the reign of the Higher Cryptogams, This is not coirect, 
however, as new evidence is almost daily being obtained 
restricting more and more the limits of the true ferns, and 
annexing many of them to the Spermophyta or seed-bear- 
ing plants. There is some doubt as to whether 20 per 
cent, of the ''Fern Fronds” of the carboniferous peiiod 
offer any real evidence of having been true Cryptomic Ferns, 
while the rest, or at least 50 or 60 per cent , are in all 
probability fern-like seed-plants. 
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Besi4es the above we have the Lycopodiaceous, or cone- 
bearmg fossil plants of the carboniferous period, such as 
the Lepidodeiidroid, SigiUaiian and Bothiodendroid types, 
which have all been classed as belonging to the modern 
vascular cryptograms, such as the modern Lycopodiums 
and Selaginellas ; latteily Palaeo-botany has biought forth 
evidence which throws great doubt on these conclusions. 

Dr. D. H Scott, in his*memoir on the seed-like fructifica- 
tion of Lepidocarpon,^ shows that some of the lepioduetive 
organs — such as the embryo-sac enclosed in an integumented 
or coated sporangia (see p. 68) — do not belong to the true 
Lycopods. Again, Miss M. Benson^ shows the same 
featuies in the case of Miadesmia seed, each of which con- 
tains a Uiie seed. There is no doubt that some of the 
Lycopods of those early coal-measuie days weie highly 
organised plants, and had m some cases acquired — on lines 
of their own — something very like the seed habit of i e-pro- 
duction, and such as we find in modern seed-beaiing plants. 

One stiiking and remaikable geneia of Lycopodiaceous 
fossil plants, which has had little attention paid to it, is 
Bothrodendron. Many impressions of this genera have 
been found, but few aie available which show the internal 
and external structure combined in such a way as to allow 
of the coirelation of the two kinds of fossils (the impies- 
sions and petrifactions togethei) Mr. Lomax m 1903, 
however, found several specimens by which he was enabled 
to do this, and these will be moie fully desciibed. 

1 Mr D H Scott, 1901. “ The seed-hke Pructification of Lepido- 

caipon” (“ Phil Trans Eoyal Soc B., 94, 43 pp , 6 pi). 

2 Miss M Benson, 1902 “ On a new Lycopodiaceous seed-like 

organ ” (‘‘New Phylologist,” Yol 1, 2 pp , 1 fig.) 

C. F 
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Bothrobendron. — Bothrodendron belongs to a genus of 
fossil plants founded by Bindley and Hutton^ in 1827 from 
a few specimens found in the roof of the High Mam Seam, 
Jaiiow Collieiy, Durham. In their description they say 
'^they are the lemains of some large plant of which the 
scaired stems, and the bodies that belong to the scars 
alone aie left. Good casts of Bothrodendron are amongst 
the most striking of Fossil Plants;” 

Plate VI is a photograph of a specimen m the Chadwick 
Museum, Bolton, which was obtained from the middle coal- 
measures at Walkden, near Manchester. It is similar to 
the one figured by Bindley and Hutton. 

The surface of the stem is slightly wrinkled in appear- 
ance, the wi inkles bemg caused by a number of fine longi- 
tudinal striations. There are also numerous small dots, 
arranged m a quincuncial manner, varying in distances 
apait, accordmg to the size and age of the stem. These 
dots are the remains of the leaf bases, to which a rather 
long lanceolate leaf was formerly attached. These are well 
shown in the specimen at Lt , Plate VI. The dots or 
cicatrices show the position of the vascular or foliar bundle 
which gives the specimen a punctured appearance. The 
type specimens were named by Bindley and Hutton Bothro- 
dendio7i punctatmn, chiefly on account of the punctured 
appeal ance of the cortex or outer bark, through the occur- 
rence of numerous foliar bundles (see Plate VII., Fig 30, A) 
on the surface. On the upper edge of the scar there is a 
small dot, or more correctly, a pit (lig.) This represents 
the point at which the hgule was fixed, and is seen more 

^ Lmdley and Hutton, ‘‘Fossil Flora of Great Britain,” Vol 11, 
p. 80, 1833. 




Plate VI 

Lycopodinae Bothrodendron punctatum. 
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cleaily in Pig 33; which is a diawmg of a longitudinal 
section of a stem showing the position of the leaf and 
ligule, attached to the outer cortex. Besides '"the leaf-scais 
there aie often large and circular concavities, ananged at 
intervals on opposite sides, varying much in size, some 
being over 5 inches in diame'ter. Two are shown on the 
specimen, Plate VI. The one A, at the lower end, is a very 
good one, and is inches in dianaeter. The one B, at the 
top, is lather smallei. Each scar or depression has a frac- 
tured surface, which suggests that something has been 
broken off. It has been assumed that these scars boie a 
fructifeious cone or fruit. The amount of depression 
around the edges of the cavity is about three-quarters of 
an inch below the suiface of the stem; the centre of the 
scar rises about level with the surface of the stem. The 
two scais are from centre to centre exactly 12 inches apait. 
The small dots are well shown at Lt . ; they aie on an 
average thiee-eighths of an inch apait. It is evident that 
this specimen is a fiagment from a veiy large stem, the 
probability being that it is the upper part of the trunk. 
By the appearance of this and other specimens examined 
by Mr. Lomax, he has come to the conclusion that these 
specimens aie portions of trunks which bore a large 
amount of foliage and numerous fiuctiferous branches. It 
is common to find similai impressions marked only with 
the small dots, with a total absence of the large scars. In 
many cases these have not been greatly noticed, owing to 
their smooth appearance, but in all probability they are 
portions of similar trees from the lower or unbianching 
parts. 

Besides the above species of Bothrodendron there is 
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i- 7iat. size. 
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Lycopodmae Bothrodendron punctatam and mmutifolium 
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another, viz., Botlirodench on miimUfolium, specin=»ens of 
which are only small in eompaiison, and aie always found 
covered with small lanceolate leaves {see Pi^s. 28 and 31). 
These specimens aie considered to have been the foliage 
branches of some larger stems of Bothrodendron. Dr. E 
Zeiller, the w^ell-known French Palaeo-botanist, figures in his 
atlas/ (Fig. 1, Plate LXXVI.) a specimen of Both oclendron 
mimitifolmm, which is leproduced on Plate VII. J^ig. 28. 
The lower part of this specimen has the characteiistic 
and dotted appearance of the large stem in Plate VI., 
whilst the upper part consists of branches which dicoto- 
mises and ultimately gives off altogether twelve smaller 
branches. These uppei branches aie coveied with small 
lanceolate leaves 

Fig. 29 is an enlarged drawing of these leaves. The 
small dots, or leaf scars, of the lower or mam stem, are 
shown in the enlarged drawing, Fig, 30. When the speci- 
men (Fig 28) is examined minutely it is found that there 
is a gradual falling off of the leaves from the lower part A, 
to B or thereabouts, on the upper part ; this is accounted 
for by the basal part of the leaf being small and having 
only a small suiface attachment. The structure and shape 
of the leaf are similar to the recent Selaginella. Fig. 31 is 
a slab of sandstone fiom the middle coal-measures which 
contains a number of impressions of Botlirodendi on miniiti- 
foliinn Associated with these are seveial large flattened 
stems, with a surface similar to Plate VI., but without the 
larger scais These may possibly have been small branches 
similai to those m the upper part of Fig 28. 

^ “Yegetaux Possiles Du Teiram ” Houillei, La France, Plate 
LXXYI , Pig 1 
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We Ijave so far dealt with the impressions of Bothroden- 
dron. If we now turn to Pig- 32, Plate YII , we shall 
find a similar specimen to the lower or main stem of 
Pig 28. This is almost perfect, and shows the vegetative 
stiuctuie in a similar condition to those already figured 
of Lygmodendron. This specimen was discovered by Mr. 
Lomax in 1903 in one of the petrifactions from the Upper 
Poot Mine, Dulesgate,* Todmorden. The total length, 
including the branches, was about 8 inches. The diameter 
of the thickest part was about inches. At a short 
distance from the broad end the stem divided into two 
parts, these again divided, making altogether eight small 
branches. 

Pig. 34, Plate VIII , is a transverse section of a stem 
similai to Pig. 32. This stem shows a thick outer cortex, 
composed of strong thick- walled cells. The epidermal layers 
are slightly striated longitudinally, with the leaf scais at 
regular intervals. The latter are clearly shown m Fig. 32, 
Lt. The leaf scars are in the shape of a very small 
tubercle (i.6., a knob or swelling), with a central pip or 
point, which corresponds with the leaf trace bundles before 
mentioned (see Fig. 30, A), which is much enlarged. On 
the upper edge of the scar there is another small dot, or 
more correctly a pit, lig,y which lepresents the point 
at which the hgule was fixed. This is seen more 
clearly in Pig. 33, which is a drawing of a longitudinal 
section of a stem made to show the position of the leaf 
and ligule, attached to the outer cortex. The point, lirj,, in 
the axil of the leaf shows the ligular pit with the ligule; 
F6., the foliar bundle ; jBp., the epidermis of the stem, Pci., 
the perideim ; Med., medulea or vascular axis. 
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In the nest plate, VIII., Fig. 34, a transverse seg^tion is 
shown, cut fioin a similai stem to Fig. 32. This is almost 
I)eifect ; the medulla is shown enclosed in the medullary 
sheath, il/a., winch consists of a number of small and short 
fibro-vascular cells, on the outer edge of the medulla, ilf. ; 
theie is a number of small bundles, consisting of seven oi eight 
minute vascular cells, which aie given off fiom the medul- 
lary cylinder at regular inteivals "These are shown better 
in Fig B5,Lt, they pass outwards through the peiideim, inner 
cortex, and outer coitex, to the leaf bases, Lh,, in Figs. 37 
and 38. Immediately on reaching the base of the leaf, the 
ligular pit is formed, with the leaf tiace bundle below. In 
some of the leaves the leaf trace extends almost to the tip, 
broadening out on its way, and, suiiounded by transfusion 
tissues, on each side of the leaf trace, he the parichnos 
strands. The position of the leaf trace is shown in Fig. 37, 
Lt, ; the parichnos strands, Pr . ; and the ligular pit, Lig, 
The stele and medullary axis consists m young stems of a 
solid vascular bundle of seven or eight cells m diameter. 
Two of these small stems are shown just after blanching in 
Fig. 36, with the axil cylinders solid. After the axis 
becomes about ten cells in diameter it begins to develop a 
vasculai cylinder with a pith cavity : this is well shown in 
Figs. 34, 35, and 38. The transveise section. Fig 35, is a 
section cut from the same specimen as Fig. 34, but highei 
up the stem, at a point where the medullaiy axis has 
divided to branch oi dicotomise. The cells of the pith aie 
cylindrical and long, with almost square ends these are 
w^ell showm, in the longitudinal section. Fig. 38, at P. The 
vasculai cylinder itself consists of one or more lows of com- 
paratively large cells In young stems just after the 
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development of the pith they are usually notr more 
than one cell thick, and large stems such as Fig 32 (which 
IS about inches in diameter) are not more than two or 
thiee cells thick. The development of the axis, m diameter, 
is small in piopoition to that of the outer or Qorticle part 
of the plant, as the thickness of the external part of 
the vascular cylinder is seldom over three or four cells 
in the largest specimens. Surrounding the oscular 
cylinder there is a small fringe of smaller vessels from 
which the leaf trace bundles are derived. 

The late Dr W. 0 Wilhamson,^ of Owens College, Mam 
Chester, was the first to pomt out the gradual development 
of a medulla within the interior of a vascular bundle, where 
in the youngest state of the bundle no trace of cellular 
tissues could be discoveied. Dr Williamson described and 
figured similar specimens to those of Fig. 36 as Lepidoden- 
dion mundiim; more lecent investigation shows that they 
are small twigs of Bothrodend^ on punctatum. After the 
pith had once commenced to grow it increased very rapidly, 
as will be seen on examination of Figs 34, 35, and 38. 
The perideim or inner cortex of Bothodendron pnnctatum 
consists of a number of fine parenchymatous or pithy cells 
{see Fig 34). The diameter of the cells becomes less from 
within outwards, and as they do so, they gradually change 
into a closed celled prosenchyma with thickened cell walls, 
until the epidermal tissues of the cortex become almost 
solid. This is shown in the epidermal tissues of Figs. 34 
and 88, Ep, It may not be out of place here to mention 
that the epideimis or cuticles of Bothrodendron have been 

^ “Piul Trans Eoyal Society,’’ Vol ISO, 18S9, B, Mem. XVI, 
p 197, Figs 7-14 
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found m a remarkable state of preservation at Tovarkovo, 
in the province of Toula in Cential Eussia, in beds of a 
peculiar kmd of coal, called Leaf or Paj^er coal, which have 
for a long time been known to geologists. The seam is 
about 8 inches thick and lies near the surface of the ground, 
being covered only by a bed* of sand. This so-called coal 
has the appearance of excessively thin dead leaves inter- 
mixed ^with stiucturele^ oiganie matter of the nature of 
Humic acid. The leafy films have proved on examination 
to be layers of cuticle belonging to ancient plants, from 
which all other tissues have been lost through decay. The 
cuticles are quite fresh and pliable and not m any way 
fossilised, although (as geologists agiee) the beds belong to 
the carboniferous formation. In some cases the cuticle 
is complete, corresponding to the whole circumference 
of the stem it once enclosed. These leafy cuticles 
aie perforated by numerous small round holes, regularly 
arranged and corresponding to the leaf trace of a Bothro- 
dendron. In some of the stems of Bothrodendion which 
Mr. Lomax has had under examination, he has found many 
which have lost their internal tissues before petrifaction 
and which correspond in every particular to those found in 
the leaf coal of Eussia. {In Fig- 48, Plate X , will be found 
a diatving of a similai to the leaf coal showing layer on 

layei of cuticles and leaves.) There is no doubt that 
Bothrodendroid stems played a very important part in 
building up the vegetable which has caibonised into 

coal seams The leaves, too, would play a no less impor- 
tant part, as all the stems, at one time or another, would 
be clothed with leaves, which would be shed in the early 
life of the plant, leaving, in the case of JBothrodendron 
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imnctatiim, a naked stem. The sessile leaves, leaves 
which grow diiectly fiom the stem without a footstalk, 
would be easily detached. In the most slendet’ twigs it is 
seldom that any of the leaves are found attached to the 
cortex Fig. 37 is a poition of the cortex of a very young 
stem slightly over one-eighth* of an inch in diameter ; the 
leaf is shown almost flat, with the leaf trace, Lt . , parichnos 
strands, Pr. , and the ligular pit, L^/. ; which is in th^cortex 
and near the epideimis. If a leaf is cut transversly about 
the centre or middle of its length, it will show the same 
stiucture as Fig. 39, Plate IX. This section shows the 
vascular or leaf-tiace bundle in the centie of the leaf, Vh , the 
leaf of the parichnos, Pr ; the cuticle of the leaf resembles in 
stiuctuie that of the cuticle of the stem already mentioned ; 
the paiiehnos had piobably decayed before petrifaction. The 
length of some of the leaves must have been consideiable, as 
one, attached to a stem of about one quarter of an inch in 
diameter {see Fig 45, Plate X, Lb.), measuied over 
1 J inches m length. One reason that leaves are seldom found 
attached to the cortical tissues in petrified stems is, that 
after being detached from the mam trunk or bianch, they 
would be lolled about, and the leaves having only a very 
tender ligament or mode of attachment to the stem, would 
be torn off. In case of many impressions this would not 
happen, as the stem, branch, or twig would in many cases 
be embedded in mud and pieserved as an impression. 
That IS one reason why so many impressions of small 
stems and twigs of Both odench'on mimvtifolium aie found 
with the leaves intact. The repioductive organs of Bothro- 
dendron have been assumed to be similar to those of a 
modem Lycopod. In 1889 Mr. E. Kidston described and 
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figured^ a specimen of Botlirodench on minutifoliiim f^’om the 
Middle Coal Measures, near Barnsley, Yorkshire, with a 
male cone attached. The cone was long and fiarrow, and at 
that time it was the only known specimen of Bothroclendron 
minutifolimn with the fiuit. Since then several other speci- 
mens have been found, one of which is in the possession 
of Miss M. Benson, Eoyal Holloway College. This was 
discovered by Mr. Lomax and wafe heterosporous, jjhat is, 
it bore both male and female sporangia. Afterwards Mr, 
Lomax found amongst some specimens from Sparth Bottoms, 
Eochdale, in Mr. W. H. Sutcliffe’s collection, a beautiful 
specimen of a stem of Bothrodendi on minuUfohum sur- 
mounted by a portion of a male cone (see Plate IX., Pig. 40) 
In the upper part the miciosporangia, ^.e., the small sack- 
like clusters, and lamina are exceedingly well preserved, 
the small portion of the stem beneath the cone agreeing 
with those figured on Plate VIL, Pig. 31. Poitions of other 
cones besides the above have been found by Mr. Lomax, 
which show the internal or vegetative structure. A trans- 
verse section of one is given in Plate IX., Pig. 41 ; this, 
before being cut, was about 1 inch in length, and was obtained 
from near the apex. Some of the sections are cut thiough 
the apex, showing the transverse arrangement of the lamina. 
On Plate X., Fig. 42, there is an enlarged section of this 
portion showing the axis, Ax , composed of a number of 
vascular tracheides or spiral vessels similar to that of a 
young stem of Bothrodendron ; L is the distal end of the 
lamina ; at Lig. there is a fine ligule shown in its pit. 
Bsh. is a fine example of the basal part of a sphorophyll, with 

^ Prom the Annals and Magazine of Natural History, July, 1889, 
Pig 6 
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the sporangial walls attached, Lt. are leaf trace 

bandies. Some of the sporangia of this cone shown in 
other sectionii were full of the microspoies or the male re- 
productive organs. Unfortunately the lower pait of the 
cone was absent. It is probable that it had megasporangia 
with the female reproductive tirgans, megaspores. Portions 
of cones which are heterosporous have often been found ; a 
poition of one of these k shown in Plate IX., Eig. 43. On 
the left hand side of the figure there are two megasporangia, 
Meg., containing two oi three megaspoies respectively. On 
the other side, at Mic., there is a portion of two micro- 
sporangia containing microspores, the male reproductive 
organs ; at L., there is the lamina of the sphorophylls with 
the ligular pit, hg. The position of the axis is somewhere 
about Ax. On Plate X., Pig. 44, there is a micro- 
spoiangia, Sp , containing three megaspoies, meg. The 
megaspores in the last two figures are covered with spines, 
which are split oi forked at the ends. This is chaiacteristic 
of the isolated megaspoies met with in association with 
Bothrodendion twigs and stems. 

In association, too, with Bothrodendron there is a very 
curious seed-hke organism (scarcely ever met with, except 
in blocks which contain Bothrodendron) of a Lycopodiaceous 
chaiacter, which is figuied on Plate X., Figs. 46 and 47. 
Ml. Lomax has found and examined numerous specimens 
In 1900 he sent some of the specimens to Miss M Benson, 
and she described it as being a new Lycopodiaceous seed- 
hke organ, belonging to Miademiia memhianaces, a genus of 
fossil plants discoveied in 1894 by Dr B Berfciand, of the 
University of Lille, France, in the calcareous nodules from 
the English coal-measures. Some of the specimens of the 
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seeds found are ex-ceedmgly well preserved. The Joody of 
the seed is made up of a strong and thick pedicel (peel), 
Fig. 46, which broadens into a lamina or leaf, as shown 
in the transverse section. Fig. 47. The end of the pedicel 
is always blunt, as m Fig. 46, and it shows traces of a 
vascular bundle, or leaf traced. The length of the lamina 
is considerable, usually about twice its width. About one- 
third of the length, from the base of the pedicel, theie is a 
hollow cylinder formed, as seen in the cross section, Ci/., 
Fig. 47, and f7y., Fig. 46. On each side of this are the two 
lobes of the lamina or leaf, Lf Inserted m the hollow 
cylinder theie is a megaspoiophyll contaming the laige 
seed-like organ, S. This is contained in an integumented 
sporangia (that is, an externally protected sporangia), which 
has, like ordinary seeds, a micropyle, Mi, ,* the integument 
is attached to the pedicel by a broad base. On the lower 
side of this there is a ligule fixed between the lower leaf- 
like lamina and the integument, thus forming a long ligulai 
cavity ; this is shown on the cross section, Lc , Figs. 46 and 
47. The upper part of the lamina is covered by numerous 
hair-like protuberances which extend far beyond the fiont of 
the seed. In both the sections these are well shown at H. 
These hair-like tentacles may have played an important 
part in guiding the wind-borne microspore to the micropyle 
It IS without doubt one of the most interesting seed-hke 
bodies found in the coal-measures. It is undoubtedly of a 
Lycopodiaceous origin, and m many respects resembles 
Both) odench 071 miiiiitifohwn. As a rule, they are found 
associated together. The seeds are borne on a slender 
spike, or may have been borne in the case of some of the 
species in the axils of the leaves, such as AxL, in Fig. 45, 
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It 'would be easy to transfer the end of the pedicel o^ Fig. 46 
on the top of AxL, Fig. 45. Mr. Lomax has had a number 
of very young seeds attached to a slender stSm m a similar 
'way, which 'was of a Lycopodiaceous chaiacter. It may 
have been situated, as in the modem Selagmella, at the 
lower end of a fructiferous spike, as a megasporangia con- 
taining only one megaspore, whereas megaspores of Selagi- 
nella contain four, each similar'^to the megaspoi;angia in 
Figs. 43 and 44. In that case the microsporangia would, as 
m the modern Lycopods, be at the top of the fruit spike. On 
Plate IX., Fig 49, there is a figure of a modem Selaginella, 
Selaginella-Emiliana. 

There is also another Lycopodiaceous fruit spike with its 
seed-like organs, Lepidocar^on Lomaxi, which boie numerous 
seeds with an integument and a micropyle. These cones 
were like an ordinary Lepidodostrohus, and have mostly 
been found associated with Lepidodendron Haicoiirtii. The 
assumption is therefore that they belong to the Lepidoden- 
dron Harcomtit^ 

The foiegoing examples of fructiferous cones are of great 
interest to the fossil botanist, as they open out a wide field 
of research and speculation regarding the origin of some of 
the piesent seed-bearing plants. It is to be inferred that 
the whole of the Gymnospermous sub-kingdom was deiived 
from one common stock, and, in a broader sense, from 
plants which have had a fern-like habit of giowth and 
development. 

There are, as shown in Lyginodend)on, tem-like plants 
bearing naked seeds of a Cycadean character , from these it 
seems impossible to doubt that the Cordaitege sprang 
The Conifers are clearly connected through the mediation 
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of Ginfeo, or the Japanese Tree Fein, and after this the 
seed-bearing Lyeopods become of great interest, more 
especially when it is known that the vegetative and repro- 
ductive organs of such large Lycopodiaceous trees (as Both o- 
clenclronpuncipLtiim must have been) are not yet fully disclosed. 
In England several scientists, including Dr. D. H. Scott, 
F.E.S., Dr. F. W. Oliver, F.E.S., Prof. W. C. Weiss, and 
others, are endeavouring^ to trace out the history of these 
primitive plants. It is to the remains of the prolific 
vegetation of coal-measure times that they look for the 
best evidence, which will enable them to more correctly 
determine the true natural history of plants and trees of 
every kind ; while on the other hand, it is from the 
Palaeo-botanist that the mining student seeks mformation 
as to the mode of formation of the seams, information 
which can only be derived from a close and intimate 
knowledge of the botany of carboniferous ifiant remains. 
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COALFIELDS OF THE BRITISH ISLES. 

PoRiviATioN OF CoALFiBLDS. — It is'now HGcessary to consider 
the manner in which coal comes to be distributed m areas 
or fields in vaiious parts of the country or throughout the 
world. Coal does not exist every wheie, nor does it always 
occui even wheie it does exist, at the same depths. The 
three great agents which have caused the earth’s crust to 
be greatly modified aie volcanic action, eaith and crustal 
movements, and denudation. All these have assisted, as 
has been shown in the formation of coal. These same 
agents have caused vast areas of rocks, including the coal- 
measures, to be bioken up and destroyed, but on the other 
hand it is owing to their influence that in many parts of the 
world the rich deposits of fuel have been brought within 
easy reach of the surface, otherwise they would have been 
buried under thousands of feet of later formations and be 
inaccessible. In many cases this result has been brought 
about by the denudation of the rocks laid down subsequent 
to the deposition of the carboniferous , in other cases great 
upheavals and violent foldings have caused the strata com- 
piising the carbonifeious series to crop out to the surface 
from beneath considerable thicknesses of more recent rocks 
{see Fig. 16 ). 

The coal seams of this country are closely related to 
those of all other coalfields belongmg to the carboniferous 
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formation. The nature of the 

seams and the locks associated 

with them, tlfe mode of formation 

of the fields, the disturbances to 

which they have been subjected, 
* 

the alterations in thicknesseS and 
the variations in qualities, and the 
species^of flora and fauna distin- 
guishing them, are very similar 
over widely scattered areas and 
continents. It is probable that in 
carboniferous times the whole of 
the British Isles and the Continent 
of Europe was one vast land area, 
covered by a luxuriant growth of 
vegetation which continued for 
vast ages at a stretch until inter- 
rupted by one of the sudden or 
gradual changes which have 
already been described. It is a 
well known feature of the coalfields 
of the British Isles that the eai- 
boniferous series rest conformably 
on the Old Bed Sandstone or 
Devonian rocks, that is to say, the 
beds of the one are in the same 
direction or make the same angle 
with the horizontal as the beds of 
the other. Also it is apparent 
that there has been no great break 
or interval of time between the 
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deposition of the one and the laying down of the other ; 
the process has been regulai and the life periods have 
not been gieatly luteirupted The carboKiferous, how- 
ever, is not overlam confoimably by the Peimian or 
New Bed Sandstone formation. The latter rocks he 
unconformably, making with'' the eailier ones a different 
angle with the horizontal ; and between the time when the 
two formations were laid down there was an important 

break m the geologi- 
cal record, during 
which time the car- 
boniferous locks were 
undergoing consider- 
able alteiation due to 
great earth move- 
ments. These move- 
ments — foldings, 
shrinkings and other 
disturbances — upset 
the original stratifi- 
FiG 15 — Outcrops of coal seams at the cation. The folding 

of the rocks was 
effected first by an east and west force, and subsequently by 
crushing in an opposite direction. This caused the coal- 
measures to assume the shape of huge troughs or basins, 
lising on all sides from a central point, the sides of the 
basin being composed of sandstone or limestone rocks, the 
middle afterwards being filled in by strata denuded probably 
from escarpments of the Devonian and early carboniferous 
series, and now known as the Permians or New Bed Sand- 
stones. The first movement caused the axes of the folds 
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and the strike of the beds to run north and south, with 
outcrops along the Pennine Cham ; the second movement 


caused the folds to run east and west. 
It is in this way that so many of the 
seams of coal crop out at the suiface, 
and even wheie they do not actually 
come to the surface, they are, at certain 
points, within easy reael\ of it, so that 
coal may be worked along the anticlines 
{see Fig. 14) before the dip of the 
measures causes such a depth to be 
reached as to make further opeiations 
impossible. 

In Fig. 16 is shown the section of 
the rocks across the Pennine Cham and 
the coalfields of Lancashire and Yoik- 
shiie. From this it will be seen that 
the coal-measures, which at one time 
were continuous over both counties, 
were separated by denudation after the 
folding of the beds took place, thus 
forming separate coal basins on the 
east and west sides of the cham. In 
these counties the outcrops are laid 
bare, but even where they have sub- 
sequently been covered up (see Pig. 18) 
by newer formations, there is no doubt 
that a similar process to that described 
has been at work, and has not been 



confined to the basins of this country, but has brought 


about the extensive and widely scattered coal areas of west 
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and central Europe, of Eussia, and in fact of the whole of 
the coalfields of Asia, North and South Ameiica, Afiica and 
the British Colonies. r 

The Cajeibonifbrous System. — Of all the foimations or 
systems of rocks alieady referred to, that containing the 
gieatest quantities of Carbonaceous deposits— the carboni- 
ferous — is the most interesting It is true that coal is 
found in some other formations^ but it is in the upper 
portion of the caiboniferous senes that the best and most 
valuable seams of coal are found, viz., in the coal- 
measures. 

In England the coal-measuies rest on the Millstone 
Gnt, this again on the Yoredale series, and these pass 
gradually downwards into the Carbonifeious Limestone, 
thus . — 

The Carboniferous Period 


1. Upper or true Coal-Measures 

Upper Coal-Measuies 
Middle ,, „ 

Lower ,, „ 

2. Millstone Gi it 

B. Yoiedales, Carboniferous or 
Mountam Limestone, and 
Calciferous Sandstone 


Thickness. 

2.000 to 

8.000 feet. 

Vanes gieatly from 
400 to 5,000 feet 

800 to 4,000 feet 


The Coalfields of England and "Wales — There are 
seven important coal basins in England and Wales, viz. : — 
The Neivcastle Basin, The Cumber land Basin, The Lancashii e, 
Cheshire and Fhntshiie Basin, The Yoikshiie, DeihysJwe 
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and Notiinfjliamsliii G Basin, The Midland Basin, The South 
Wales Basin, The South oj England Basin, 

Ai ea and Available Coal — The total exposed area of these 
coalfields is 2,786 square miles. There aie in the various 
fields 190 seams of coal of more than tvro feet in thickness 
at a less depth than 4,000 feet. These represent a total 
thickness of coal of 666 feet, an aveiage of about 3 ft. 6 ms 
per seam According Ao the final leport of the Eoyal 
Commission on Coal Supplies (1905) the amount of coal 
still available in the above areas, excluding all seams of 
less than two feet in thickness and more than 4,000 feet 
deep, is 79,467,820,017 tons But there aie also good 
seams of less than two feet in thickness, and there are 
many seams occurring at greater depths than 4,000 feet, 
and these, together with numerous seams which exist in 
concealed or unpioved coalfields, aie estimated to contain 
no less than 66,169,282,130 tons. This, wuth the above- 
named quantity, amounts to 145,637,102,147 tons The 
present annual output of coal is about 280,000,000 tons, so 
that at the piesent rate of extraction the coal resources of 
this country should last for 633 yeais. 

In many cases the whole of the basin areas are not 
exposed, nor at the present time aie the whole of the seams 
explored, as newer and compaiatively little-known foima- 
tions covei up the coal-measuies. This is the case with 
the eastern extension of the Yorkshire, Deibyshiie, and 
Nottinghamshire field, the southern extension of the 
Lancashire field, and wuth laige areas in the Midlands and 
South of England, while on the other hand the western 
limit of the Cumbeiland field, the eastern boundary of the 
Newcastle field, and a laige aiea of the South Y'ales field 
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are under the sea. The extent and boundaries qi these 
fields have not yet been thoioughly proved, but there is 
little doubt that the unproved areas aie ve^’y laige, and 
that the Eoyal Commission’s estimate of 40,000,000,000 
tons of coal available therein is not less than they actually 
contain. 

Some difficulty may be experienced in woiking those 
seams of coal found at great depths, for it must be^ evident 
that the winding of large quantities of coal fiom gieat 
depths, and the distribution of adequate volume of fresh 
air through lemote and extensive workings have their 
economical limits, and to these drawbacks must be added 
the difficulties experienced owing to the increase in the 
temperature of the strata. 

The Netvcastle Basin , — The proved portion of this area 
covers the eastern side of the counties of Northumberland 
and Durham. Along the coast ifc extends a distance of 
about sixty miles from the Eiver Coquet in the noith to 
Staindrop (on the north of the Tees) m the south {see Map, 
Eig. 17). Inland it stretches to Wolsingham, a distance 
of over twenty miles. It is bounded on the east by the 
North Sea and the Magnesian Limestone ; on the south by 
the Magnesian Limestone and Millstone Grit, on the west by 
the Millstone Grit ; and runs out to an apex m the north. 
The total exposed area is 540 square miles. Theie are 
20 seams of coal of not less than 2 feet, having a total of 
46 feet of workable coal and an estimated quantity of 
11,532,957,384 tons. 

The Cumberland Basin , — This coal area covers the 
northern and western portion of Cumberland. It stretches 
fiom Maryport m the north to St. Bees m the south, a 




Fig 17 
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distance of twenty miles. At Maryport the visil^e field 
bends round to the east a distance of fouiteen or fifteen 
miles to near Westward, foiming a narrow stiip about two 
miles wide, between the NewEed Sandstone and the Caiboni- 
ferous Limestone rocks. The coalfield is bounded on the 
west by the Irish Sea, on the east by the Carboniferous 
Limestone from Egremont m the south to Westward m the 
north, with thin strips of Millstone Grit at Eagles^field and 
Tallentine , in the north by the New Eed Sandstone ; in the 
south by the Permian, New Eed Sandstone, and Carboni- 
ferous Limestone. The total area is sisty-three square 
miles, but there is a large extent of coalfield beneath the 
Irish Sea. Theie are seven workable seams with a total 
thickness of 35 feet and an estimated available quantity of 
1,980,556,809 tons. The undersea aiea which lies beyond 
five miles and within twelve miles of high water maik is 
estimated by Sir Lindsay Wood to contain 854,000,000 tons. 

The Lancashiie, Cheshire and Flintshire Basin . — This 
coalfield consists of two detached areas, the larger one 
covering almost the whole of South Lancashire and a 
portion of East Cheshire, the smaller one covering the 
whole of the eastern half of the county of Flint. It is 
bounded on the north by the Millstone Grit, and on the 
east by the great anticline of Millstone Grit forming the 
Pennine Chain ; on the west and south-west of the Lanca- 
shire area, the coal-measures dip below the New Eed 
Sandstone rocks, appearing again on the opposite side of 
the river Dee, outcropping in Flintshire, a few miles 
beyond the river. The greater portion of Cheshire, there- 
fore, consists of Permian and Triassic formations, deposited 
in a coal-measuie basin, the sides of which outcrop on the 
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north, •south-west, and west. 
Whether the basin is an uninter- 
rupted one or^ not is so far un- 
proved ; it IS generally considered 
that a concealed ridge of lower 
rocks, running along the valley 
of the Mersey, interrupts the con- 
tinuity pf the basin, ah.d this 
causes the formation of two 
smaller ones. 

The whole exposed field covers 
an area of 650 square miles, and, 
including the concealed area, pro- 
bably contains 1,500 square miles 
of productive coal-measures In 
all theie are 24 seams of coal, 
with a total thickness of woi li- 
able coal of 97 feet. The total 
estimated quantity of coal lemain- 
ing unworked in this basin is 
6,031,392,367 tons. 

The Yorkshiie, Deibyshire and 
Nottinghamslm e Basin . — This is 
the most extensive coalfield in 
England, stietehing over a large 
portion of the counties of York- 
shire, Derbyshire, and Notting- 
hamshire. It stretches from Leeds 
and Bradford in the noith to 
Stapleford and Nottingham in the 
south, a distance of over seventy 



I 



94 


COAL 


miles. It is bounded on the noith and west by the Mill- 
stone Grit and Yoiedale beds ; on the east by the Permians ; 
and in the south by the Triassic. A large area of coal 
is now being worked beyond the eastern boundary of 
the exposed field, in the neighbourhood of Wojrksop, Mans- 
field and Nottingham, and extending right into Lincoln- 
shire, where the same valuable seams have been found 
below the newer formations. Th*e coalfield is 81Q square 
miles m extent exclusive of the eastern extension, which 
probably covers an aiea of nearly 1,000 square miles. 
There are 15 seams of coal with 46 feet of total thickness. 
The estimated available quantity of coal in the proved area 
IS 16,498,731,495 tons. The resources of the concealed and 
unproved coalfield are estimated at 23,000,000,000 tons. 

The Midland Basin, — This includes the coalfields of 
Denbighshire, North and South Staffordshire, Warwick- 
shire, Leicestershire and Shropshire. The fields consist of 
a number of detached areas of exposed coal-measures with 
other portions of pioductive measuies overlain by newer 
formations. The boundaries of the various fields are not 
in each case the same. The Denbigh field is bounded on 
the north, west and south by the Millstone Grit, on the 
north-east by the Triassic, on the east by the Permians. 
The North Stafojdshire field is bounded on the west by the 
New Bed Sandstone, on the east by the Millstone Grit, on 
the south the measures dip beneath the Permians, while on 
the north the field runs out to an apex. The South 
Staffordshire field including the Worcestershire area is 
bounded by faults on both the east and west sides which 
bring the New Red Sandstone rocks into juxtaposition with 
the coal-measures. The Warwickshire field is bounded on 



COALEIELBS OF THE BPJTISH ISLES. 


95 


the noiih, west and north-east by the Triassic rocks, on the 
east there is a long strip of Cambrian rocks stretching from 
Athei stone td Bedworth, where the Triassic rocks again 
appear ; on the south the coal-measures pass below a large 
tract of Permians. The Leicestei shire field is bounded on 
the north partly by the Triassic and partly by the Millstone 
Grit and the Carboniferous Limestone, on the west, south 
and east by the Triassic.** The Shi opshire fields. There are 
four detached fields in Shropshire, one m the neighbourhood 
of Osiocstiy, another immediately south and east of Slireivs- 
huiy, another seven miles to the south of SJueivsbuiy, and a 
fourth, called the Coalhi ookdale field, stretching down the 
west side of the county from Lilleshall to Bewdley. The 
latter is the most important coal producing area. It is 
bounded on the north by the Triassic, on the east by the 
Permians, on the west by the Millstone Grit, Silurian and 
Devonian, on the south by the Devonian. 

The North Stafioidslwe measures dip beneath the 
Permians on the southern boundary, and the coal-measures 
of the Warwickshire field also pass below the Permians in 
the south. The latter stretch from near Atherstone to 
midway between Kenilworth and Warwick, covering an area 
of 130 square miles. Here, under the newer measures, 
valuable seams of coal are found at no greater depth than 
2,500 feet. Large coal areas also lie concealed between 
South Staffordshire, Coalbrookdale and the Forest of Wyre 
and between South Staffordshire, Warwickshire and 
Leicestershire. The area of the whole of the visible fields 
in the Midland basin is 690 square miles. There are 51 
seams of coal, including the famous Thick or Ten Yards 
seam of South Staffordshire, the whole of the seams having 
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a total thickness of 250 feet. The estimated quaittity of 



available coal in the exposed 
areas is 11,935,^68,586 tons, 
and it is calculated that the 
lesonrces of the concealed and 
unproved coalfields of the whole 
basin will be equal to nearly 
18,000,000,000 tons. , 

The South Wales Bastn — 
This is the most interesting coal 
basin m Great Biitain, not only 
on account of the enoimous 
quantity of coal which it con- 
tams, but because of the excel- 
lent quality and great value of 
the majority of the seams. It 
stretches across the whole of 
South Wales from Pontypool in 
the east to St. Bride’s Bay in 
the west, a distance (exclusive 
of the under-sea coal in Car- 
marthen Bay) of ninety-two 
miles The average bieadth is 
sixteen miles It lies in the 
form of a basin m a depression 
of Devonian or Old Bed Sand- 
stone rocks, by which it is sur- 
rounded on all sides with narrow 
skips of Millstone Grit and Car- 


boniferous Limestone lying between the outcrops of the 


coal-measures and the Devonian. The geneial dip of the 
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measures is towards the south {see Fig. 19), and were it not 
for the existence of a remarkable anticlinal axis stretching 
m an easteily Ind westeily direction acioss the coalfield the 
coal seams, especially near the southern boundary, would 
quickly become too deep to be worked. Owing to this anti- 
cline, howevei, the coal-measures are brought within easy 
leach of the surface, thus enormously increasing the are^i 
of availaj^le coal. Theie are also large quantities of coal, 
especially of Anthracite, in the unproved measures occuriing 
beneath the sea in St. Brides’ Bay and part of Caimarthen 
Bay, which will be worked within a comparatively shoit 
time. The total area of the visible field is 920 square miles. 
There are 25 seams of coal with a total thickness 
of 84 feet. The total estimated quantity of coal remaining 
to be worked is 27,031,798,830 tons, and in the concealed 
areas already refeired to a further quantity of 383,024,000 
tons. 

The Southern Coal Basin. — This includes the coalfields of 
Biistol and Somersetshire, the Forest of Dean and Kent. 
The Biistol and Somersetshire field is situated partly m the 
south of Gloucestershiie and partly in the north of Somerset- 
shire. Over a great part of its area the coal-measures are 
covered by newer formations, viz., the Lias and the Upper 
Triassic beds, which lie horizontally upon them. The 
visible field is bounded on all sides except the east by one 
or both of these rocks. On the east side the measures pass 
beyond the Ootswold Hills, beneath the Oolitic locks. Their 
extent in this direction is unknown, but it is most probable 
that they continue, with slight alteration, light across 
southern England into Kent. The Forest of Dean Coalfield 
is situated in Gloucestershire on the north side of the mouth 

c. H 
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of the Elver Severn, and is one of the most inteiosting of 
the British coal areas. It is in the form of a complete 
basin, resting on the Carboniferous Limestone, the latter 
measures rising up all round the outciop of the coal- 
measures. The Carboniferous Limestone rocks therefore 
form a huge basin, encompassing the coal-measures within, 
so that the latter dip toward the centie fiom all sides, 
although not equally nor always' at a uniform rate. The 
Kent Coalfield. The coal-measures do not occur at the 
surface over any portion of this field, but in the neighbour- 
hood of Dover, at a depth of 1,204 feet, the coal-measures 
are found below the Jurassic and Cretaceous rocks. Very 
little is known of the extent and thicknesses of the coal 
seams. The measures no doubt extend westward in the 
form of a trough towards the borders of the Bristol and 
Somersetshire field, and eastward under the English 
Channel to the coalfield of Northern France and Belgium. 
The width of the field from north to south is about four or 
five miles. 

The combined area of the exposed fields comprising the 
Southern Coal Basin is about 184 square miles, and, 
including the unexposed but productive areas, about 400 
square miles. There are 48 seams of coal having 
a total thickness of 108 feet The quantity of available coal 
IS estimated at 4,456,834,546 tons. There is not at the 
present time sufficient data to estimate the probable amoitnt 
of coal in the unproved areas of Somersetshire and Kent. 

The Coalfields of Scotland. — The coalfields of Scotland 
are found in the great valley which stretches from the 
mouth of the Clyde on the west to the Firth of Forth on the 
east, and are closely associated with the courses of those 
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two rivers. They occupy poitions of the counties of Fife, 
Stirling, Dumbaiton, Pienfiew, Lanark, Ayishiie, Dumfries- 
shire, Haddmgtonshire, and Edinburghshire Gieat 
upheavals of older rocks, such as the Calcifeious Sandstone 
series, and volcanic locks, have had the effect of sejiarating 
one area from another, and these may be divided into the 
following basins : — 

Eash%ii Basin . — This includes the coalfields of ilid- 
lothian, Haddingtonshiie, and Fifeshire, and the coal 
beneath the Foith. 

Cential Basin — This includes the Clyde and Clack- 
mannan fields, wdth the detached field of Lesmahagow. 

Western Basin . — This includes the Ayrshire and Dum- 
friesshire fields. 

Coal is worked not only in the coal-measures proper, but 
in the beds akin to the Yoredales of Derbyshire and Lanca- 
shiie, and the Carbonifeious Limestone. In the case of 
each field, the Carboniferous Limestone rocks almost com- 
pletely surround the coal-measures, with eruptions of 
volcanic rocks of basalt and greenstone at vaiious points, 
notably in the centre of the Ayrshire field and at Hamilton, 
Glasgow, and Aiidrie. The northern boundary of the main 
coalfield, viz., in Clackmannan, is against the Andesites, a 
volcanic senes similar to that of Boirowdale and the Cheviot 
Hills. The area of the combined fields is about 568 square 
miles. The total estimated quantity of coal remaining 
unworked in the proved aieas is 15,089,333,985 tons 

The Coalfields of Ireland. — F p to the present time 
very few of the seams of coal of which Ii eland is possessed 
have been worked to any gieat extent, and consequently 
veiy little is known of the geology or the resources of the 

H 2 
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coal-measures. Theie is no doubt, however, that a large 
amount of coal exists in Iieland, and though on the whole 
its quality is not so good as that of the Unite& Kingdom, it 
is of a woihable quality and thickness over ceitain areas of 
the country. 

The carbonifeious formation in Iieland maybe divided 
into two parts, the Lower Caiboniferous and the Upper 
Carboniferous, while the coalfields may be divided into two 
groups — the Not them Gtoiq),m the provinces of Ulster and 
Connaught, which includes the coalfields of Ballycastle, 
Tyrone, Leitrim, Fermanagh, and Cavan, and contains 
seams of bituminous coal, and a Southern Otoup, in the 
provinces of Leinster and Munster, which includes the 
coalfield lying around Castlecomer and Killenaule, m the 
counties of Queen's County, Kilkenny, Carlow, and 
Tipperary. 
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FOREIGN COALFIELDS 

Coalfields of 'ihe United Stated of America. 

The amount of coal now raised in the United States is 
gieatei than that of any other countiy iii the\\oild. Fiotn 
the veiy beginning of coal mining until 1899 the production 
of this impoitant mmeial had been gieater in the Biitish 
Isles than m any other countiy*. In the lattei year the 
United States, ^hich had been gracluall} but surely mcieas- 
ing its total output, passed the Biitish total, and since that 
time has exceeded by moie than 100,000,000 tons the pie- 
sent Biitish output This is because the \ast fuel supplies 
of Ameiica have recently been thoroughly opened out, and 
greatl;y improved methods of mining them have been 
adopted. 

One-half of the coal is produced in Pennsylvania, 
wheie valuable seams of Anthracite are found, as well 
as many iich beds of bituminous and semi-bituminous 
coals. The seams aie in most cases of caibonifeious 
age, the coal-measuies lesting upon the Caiboniferous 
Limestone wuth the Millstone Giit in some cases intei- 
vening. In Yiiginia and North Caiolina coal is found in 
the Tiiassic rocks 

The coalfields have a supeificial aiea of 229,000 squaie 
miles, of which one-sixth contains woikable seams. The 
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fields are situated in positions easily accessible both to 
home markets and important sea ports, while the deposits 
are thick and in many cases near the surface, so that they 
can be worked easily and cheaply. The majority of the 
seams are valuable, including bituminous, semi-bituminous, 
and anthracite. Lignite is also met with in large quantities. 
It is calculated that lignite-bearing foimations of Creta- 
ceous age in Montana, Dakota, and Wyoming, cover an 
area of 56,500 square miles. In Alabama, Mississippi, 
Louisiana, Arkansas, and Texas, an equally great extent 
of Tertiary lignite-bearing rocks is found. 

Coal of Upper Cietaceous and Eocene age is also found 
in Alaska, where the seams vary in thickness from about 
2 feet to 5 feet, and in quality from lignite to semi- 
bituminous. 

The following table is taken from the special reports on 
the coal resouices of the United States contained in the 
Eeport of the Geological Survey of that country, and 
published m 1902 : — 


Coalfield 

Area of 
Coal beanng 
formations 
Squaie miles 

Per cent 
of total 
production 

Anthracite Field * 



Colorado, Mexico 

— 

0 04 

Pennsylvania 

484 

21 25 

Atlantic Coast (Trinssu) 



Virginia 

270 

— 

Noith Carolina 

800 


Total 

1,070 

0 02 
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Coalfield 

Area of 
Coal bearing 
formations 
&3(iuare ;5ailes 

•r 

Per cent 
of total 
production 

Northern A^palaclnan 

15,800 

29 58 

Pennsylvania 

Ohio 

12,000 

7 08 

Maiyland 

510 

149 

Virginia 

1,850 

0 87 

West Virginia 

17,280 

8 89 

Kentucky (E ) 

10,800 

- 0 82 

Total 

57,740 

— 

Southern Appalaclnan 

4,400 

^138 

Tennessee 

Georgia 

167 

0 12 

Alabama 

8,500 

3*11 

Total 

18,067 

— 

Northern Interioy 



Michigan 

11,300 

0 31 

Easte'^n Interior 



Indiana 

9,300 

2 40 

lUinois 

42,900 

9 55 

Kentucky (W ) 

5,800 

1 15 

Total 

58,000 

— 

Wester n Intet loi 



Iowa 

20 000 

1 93 

Missouii 

23,000 

131 

Nebiaska 

3,200 

— 

Kansas 

20,000 

1 65 

Total 

66,200 

— 
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Cnuli. 1.1 




Ai."i of 
Coil bt' n T1-? 
tun 11 It oil'. 

'i'luait 11* U', 


Pei cent 
ot t( ti’ 
liHulMCtlt.il 


Sovth-Westein 


Indian Tfc;iiitoi\ 

Aikansas 

Texas 

Total 


14 848 

1 728 

11 300 

27,876 j 

1 

0 71 
0 54 
0 36 

% 

Rocltj Mountains 

South Dakota 

\ 

120 

0 05 

Montana 

Idaho 

• 1 

13 000 1 

0 62 

W^ oming 

; 

7 500 1 

1 49 

Utah 

1 

2 000 i 

0 42 

Coloiaclo 

1 

18,100 ! 

1 92 

New Mexico 

• 1 

2 890 1 

0 47 

Total 

1 

48,610 ! 

— 


Pacific Coast 
Washington 
Oiegon 
California 


4*30 0 92 

320 0 02 

280 , 0 07 


Total . I,0ej0 


The total output of coal in 1905 ^as 352,694,000 tons. 
It will be easily understood that with such vast and widely- 
scatteied coal aieas it is impossible to give a leliable 
estimate of America’s coal resources A Commission, 
appointed by the Government of Pennsylvania, repoited in 
1893 that the anthracite beds alone of that State coveied 
an area of 484 square miles and contained 19,500,000 tons 
of coal, and it is not likely that the anthracite beds repre- 
sent more than 0*05 per cent, of the whole area of 229,000 
square mrles of coalfields. 
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Coalfields of Eueope 

Germany. — Germany produces more coal ^annually than 
any other Euiopean state, except Great Britain. The three 
principal eoal-mining districts are as follows : — 

1. The Ehur, or Lower Ebine and Westphalia Basin. 

2. The Tipper Silesian Basin. 

3. The Saarbrucken Coal Basin. 

The Rhur Coalfield is the largest and most important of 
the above coal areas. It covers an area of more than 
1,080 square miles, and shafts are sunk to a very great 
depth in many parts of the field. The coal seams are 
generally of carboniferous age, not only in this area, but 
in those of Upper Silesia and Saaibrucken; there are, 
however, fairly extensive workings in the Cretaceous rocks 
of Hanover. The seams are numerous in the Ehur field, 
aggregating nearly 60 yards of workable coal. They are 
of bituminous and semi-bituminous quality, but as a rule, 
owing to the fact that the measures are in many cases 
greatly disturbed and have bands of dirt and stone instra- 
tified with the coal, the quality is inferior to British coal. 
This applies to most of the coal-producing districts. 

The Coalfields of Upper Silesia are very extensive and are 
continued mto Austiia and Eussia. The seams are fairly 
numerous and have an average thickness of 10 to 13 
feet. The seams are more regular than those of the other 
fields, though not of better quality. In Saxony important 
coal-basins are found, though of limited extent at 
Zwickau and Lugau. Here the seams are over 30 feet 
thick in places. 

The Saarbrucken Coalfield, though not so large in area. 
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possesses several valuable seams, and on accouni of the 
improved methods of mining adopted m the vaiious seams, 
IS probably in advance of other distiicts. The field coveis 
an area of about 1,000 square miles. There aie 77 
workable seams with an aggregate thickness of 260 feet. 

Near to the Euhr coalfield, are the two coal basins of 
Inde and Winm, The former has in the pist been exten- 
sively worked, but is now nearly exhausted. The Wuim 
area is considerably distuibed by faults. There aie 35 
workable seams with an aggregate thickness of 82 feet. 

The total coal output of the whole of the German empire, 
in 1905, was 173,664,000 tons. The estimated amount of 


available coal is as follows . — 



Millions of Tons. 

Euhr Field 

45,000 

Silesia 

50,000 

Saarbrucken 

45,400 


Brotvn Coal , — Germany is almost as rich in brown coal 
or Lignite as in true coal, and during recent years the 
improved methods of mining and of preparing this product 
for the raaiket have caused great interest to be taken in the 
brown coal industry of Germany. Deposits are found in 
more or less abundance over nearly the whole of North 
Germany. The beds are geneially found near the surface 
and in many cases are worked m open quarries. 

The chief lignite fields are those of Lowei Silesia, 
Saxony and Posen, Brunswick, Thuringia, and Hesse ; 
while coal which appears to be a hard variety of lignite 
is found at Cassel and Cologne. The average thickness of 
the lignite seams is about 100 feet. 
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The production of brown coal in Germany in 1905 was 
51,655,000 tons. The amount still available in the empire 
is estimated af 5,000,000,000 tons, an amount which is 
equal in heating value to 3,000,000,000 tons of true coal 

Austeia-Hunuary. — The chief Austiian coal deposits are 
those of Pilsen, Kladno-Schlan-Tlakonitz, Schatzlar-Schwa- 
dowitz, Ostiau-Karwin and Jaworzno. These are all situated 
along a lipe running from the Bavaiian frontier in the west 
to the Russian frontier in the east, w'hile somewhat to the 
south of this line is the Rossitz field in Moravia. 

The coal seams of Austria are of carbonifeious age. The 
main coalfield is that of Ostrau-Karwiii This is an 
extension of the upper Silesian field of Germany, and 
contains over 300 seams with a total thickness of 1,500 feet, 
of which about one-third is workable The seams are chiefly 
bituminous. 

Brown Coal is worked on a large scale in Bohemia, and 
in other paits, the lignite mining industry having now 
attamed almost greater importance than true coal mining. 
It is of Jurassic age. The largest field is that of Erzgebirge. 
The deposits here are quite flat and forty to fifty feet thick. 

Hungary is not so rich in carboniferous coal as in lignite. 
Deposits of the former occur at Resicza-Szekul, but there 
are a few seams and these are of small extent. Liassic coal 
is worked in several districts, but the total output of true 
coal fiom Hungary is lelatively small, viz. . about 1,200,000 
tons. 

Lignite is worked largely. It is of Tertiary age and is 
met with in the Carpathians, in the vicinity of Salgo- 
Tarjan, and in Transylvania in the Zsill valley, the latter 
being the most important. 
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The f)ntput of true coal from the whole of Austiia- 
Hungaiy in 1905 was 40,725,000, almost the whole of 
which was lafsed in Austiia. 

The output of lignite in 1905 was 27,757,000 tons, of 
which 5,430,000 tons w^as laised in Hungary. 

Nasse estimates the total coal resources of xlustiia- 
Hungary to be about 17,000,000,000 tons 
Franc®. — Coal is found in three mam distiicts in France, 
each of them possessing distinct geological features. The 
most important coal-producing area is that of the Xotd and 
Pas de Calais, which extends from the Belgian frontier in 
the east to near Boulogne-sur-Mer in the west, and forms a 
continuation of the trough stretching from Dover to Calais 
beneath the sea, and connecting this to the Belgian coal- 
fields in the east. The coalfield is, to a large extent, 
concealed under newer formations of Cretaceous and Ter- 
tiary age, and the trough is frequently disseveied, as at 
Liege and Mens, being thrown into elongated basins by the 
elevation of the lower carboniferous rocks. Large numbers 
of seams occur, but they are irregular, and as a rule, 
thin. Deep boreholes have been put dowm along the 
southern boundaries of the field which prove that there is 
a considerable extension of this field to the south. The 
Lens and Courrieries and Auzin Collieries are situated in 
this area These are amongst the largest collieries m the 
world, the former alone, in 1905, having a total production 
of three and a half million tons. 

In Central Fiance coal basins are found at Le Creusot 
and Blanzy, and Loire. The Le Creusot and Blanzy 
district IS remarkable foi the fact that it possesses a single 
seam of great thickness, viz , 80 to 150 feet. 
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The Loiie basin is the richest and most extensive coal 
aiea and contains the coalfields of St. Etienne, Rive-de-Gier 
and Commentry. It is situated between th^ Loire and the 
Rhone, extending across the latter rivei into the depaitment 
of Isere. At St Etienne theie aie 18 seams with an 
aggiegate thickness of 115 feet; at Rive-de-tfiei there aie 
3 seams with an average thickness of 30 to 33 feet. 

The Commentry field is of great geological ^ interest. 
This is a comparatively small coal basin which lies in a 
depression in the Aichsean rocks (gianite and gneiss). 
M. Fayol, who closely studied this field, came to the 
conclusion that, owing to certain movements of the earth’s 
crust at the commencement of, or during the carboniferous 
period, an inland lake about six miles long, three miles 
wide and 2,500 feet deep had been formed. On the north 
of this aiea the land rose rapidly, forming a range of 
mountains, and from this high ground two rapid rivers and 
several smaller streams poured their contents into the lake 
{see p. 19) In this way, the lake was gradually filled up, 
deltas were formed and at certain periods vast quantities of 
vegetable matter were brought in by the rivers. These 
lemams, like the sand and the mud, floated out into smooth 
water, sank to the bottom, and foimed sloping sides of new 
deposits upon the already existing sides of the basin Since 
that time very slight geological changes have taken place, 
and the basin is now found practically the same as when 
fiist deposited Consequently a very legular seam of great 
thickness (65 feet) is found in this field, which extends 
for a distance of ten miles. 

In Southern France the coal-measures occur at the 
surface m the districts of Alais, Aveyron, and the Rhone, 
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lying in ^Dlaces as crystalline schists, and on the other side 
below Liassic strata. 

The total quantity of coal raised in Prance in 1905 was 
86,048,^00 tons, and it is estimated by A. de Lapparent 
(“ Question du charbon de terre,” Pans, 1890) that the 
available quantity in the whole of France is 17,000,000,000 
tons, 

A quan^ty of Broun Coal is also worked, the output in 
1905 being, however, less than 1,000,000 tons. 

Belgium. — The coal-measures of this country stretch 
along an east and west trough from Aix-la-Chapelle, by 
Liege and Namur, to the North of Prance coalfield. The 
field crops out near Namur and dips both towards the west 
and the east, forming the Hainault Basin in the first case 
and the Liege Basin in the second, and covering in all an 
area of 520 square miles. The seams on the whole are 
thin, the average of seams worked being 2 feet 2 inches. 
Like those of Prance the coal seams are of carboniferous 
age, and in some parts are concealed below Cretaceous 
rocks. 

During the last few years a new coal area has been 
proved at Limburg and at other places in Northern 
Belgium, named the Campine Coalfield, which is of great 
extent. The coal-measures are met with at a depth of 
1,705 feet from the surface, concealed below Cretaceous and 
Tertiary rocks. The field is a prolongation of those of 
Liege, Dutch Limburg, and the Wurm basin. It covers 
an area of 400 square miles, and is estimated to contain 
500,000,000 tons. 

The total quantity of coal raised in Belgium in 1905 was 
♦ ' 21,844,000 tons, and the estimated available amount of 

c. I 
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Belgian coal was given by Nasse m 1895 at 16,000,000,000 
tons. 

Eussia. — Eussia does not possess rich or even extensive 
deposits of coal in comparison to the great area of the 
country. The coalfields aie not numerous, and the seams 
are thin and poor in quality. The coalfields may be 
divided into the Donetz field in Southern Eussia, the 
Centred Russia field, the basin of Kousnetsh in the Altai 
and the Ural Eange, and the Poland Basin. The coal- 
measuies belong to the carboniferous age. 

The Donetz Basin is the most important. The car- 
boniferous deposits cover an area which extends over a 
length of 233 miles from east to west, with a maximum 
breadth of 100 miles. They are in part overlain by 
Permian rocks, but crop out at the surface over an area of 
7,720 square miles. The seams as a rule are thin, and 
number about 200. The best seams are found in the 
Middle group and consist of bituminous, semi-bitummous, 
and anthracite. 

The Cential or Moscoiv Coalfield covers an area of 9,000 
square miles, but up to the present time only the outcrops 
of the seams have been worked. The coal is not of good 
quality, resembling lignite from the Tertiary rocks, though 
some classes are used largely for gas-making. 

The Poland Basin, though small, is extremely produc- 
tive and of great value Like the other Eussian fields 
it belongs to the carboniferous period. There are three 
main seams, one of which is 16 yards thick. 

In Sibena coal is found chiefly in the Altai and the Ural 
Eange, at Kousnetsk, and in the Kirghiz Steepe, the Caucasus, 
Turkestan, Pavlodar, and in the island of Saghalien. 
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The total quantity of coal raised m Russia in 1905 was 
17,120,000 tons. It is difficult to estimate the total 
quantity of coal still available, but it is ceitainly not less 
than 20,000,000,000 tons. 

Spain — Yalujable coal deposits, covering a total area of 
3,500 square miles, aie found in Spain, but up to the 
present the amount of coal produced has been small, 
amounting»in 1905 to no more than 3,200,000 tons. 

Deposits of carboniferous age are found covering a wide 
area in Asturias; Leon and Paleneia in the noith; in 
Cordova in Central Spain ; in Gerona and Lerida on the 
slopes of the Pyrenees , and m Seville in the south. The 
coal IS of good semi-bituminous character, and of considei- 
able thickness ; there are 50 workable seams, varying in 
thickness fiom 18 inches to 6 feet in the Asturias province 
alone. In the Province of Teivel is a valuable field of 
Lignite, and seams of anthracite aie found in the province 
of Cordova. 

Greece. — Very little coal of good quality is found in 
Greece, although good seams of lignite are met with m 
Coumi, Oropos, and Aliverion, the mines of the former 
province being the chief ones worked. Lignite deposits 
are also found at Magalopolis, Patras, Egion, Attica, 
Phtiotis, Euboea, Allonisos, and in Thessaly. 

Portugal. — The coal production of Portugal in 1905 was 
about 20,000 tons. The coal areas are of very limited 
extent. Anthracite coal is found in the Douro district 
and bituminous coal in the Jurassic rocks of Cape 
Mondego. 

Servia. — Coal is found in the Tenioh Valley, near 
• Tschuka, of carboniferous age, and at Dobra and other 
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places on the Danube in the Liassic formation. ^Lignite is 
also found, many of the beds being of fair thickness. 

Eoumania — Eoumania raises about 100^000 tons of coal 
annually. This is ligmte, of poor quality, found in the 
Pliocene Books. The beds are geneially very thick, and 
are widely distributed over the kingdom. 

Bulgaria. — The coal output of Bulgaria in 1905 was 

130.000 tons The coal is chiefly lignite, of Eocene age, 

Sweden — Coal is found in Sweden m the Jurassic rocks. 

These occur in Scania in the southern portion of the 
country, and extend over a distance of 620 square miles. 
The seams aie of fair thickness, but are not worked on a 
laige scale, the total coal production of 1905 being about 

250.000 tons. 

Switzerland. — A small amount of coal of an anthra- 
citous chaiacter, and belonging probably to the car- 
bonifeious age, occurs amongst the Western Alps, stretching 
through Savoy into Dauphine. 

Italy. — Italy is not a coal-producing country, raising 
less than half a million tons per annum, though deposits 
of bituminous coal are found in the province of Udine, and 
deposits of anthracite in Piedmont. Lignite is produced 
on a small scale in the provinces of Vicenza, Veiona, 
Berganio, and in the islands of Sardinia. The foimer 
coals are of carboniferous age, while the lignite probably 
belongs to the Lias foimation. 

Denmark. — In the island of Bornholm a small amount 
of bituminous coal is found, and lignite occurs in Jutland 
and the islands, but the pioduction both of bituminous coal 
and lignite is very small and not sufficient even for local 
requiiements. 
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Holland. — The coalfields of Holland are chiefly interest- 
ing fiom the fact that it was at Kerkrade, neai Haarlem, 
that coal was mined by the monks of Klosteriath Abbey as 
early as 1118. A coalfield has recently been proved which 
foims a continuation of the Wurni basin into Limburg. 
Like the coal of Belgium and France, that of Holland is 
found in the Secondary rocks. The production of coal in 
1905 was less than 10,000 tons. 


Coalfields of the British Colonies. 

Canada. — The coalfields which have been most laigely 
developed in Canada are found on the Atlantic coast on the 
one side — Nova Scotia, New Brunswick and Cape Breton — 
and the Pacific coast on the other — British Columbia, 
Vancouver Island and Queen Charlotte Islands. In Mani- 
toba and the North-West Provinces large deposits of coal 
are found, and these will, no doubt, be largely developed in 
the future. 

The areas on the Atlantic side are very extensive, covering 
in Nova Scotia alone no less than 4,000 square miles. The 
seams are of true carboniferous age, and are generally 
very thick and of good quality, those of Nova Scotia being 
steam coals equal to good British steam coals. 

On the Pacific side the seams are of cretaceous age and 
are generally bituminous. Anthracite and bituminous 
seams are found in Queen Charlotte Islands. 

In the Groic's Nest Fields thick seams of bitunimous and 
semi-bituminous coal exist. In the interior of Canada little 
coal is found between the Atlantic and the Western Prairies, 
but great quantities of good lignite are found in the latter 
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district. The seams impiove greatly in quality to-wards the 
Eocky Mountains, yielding good bituminous coal. 

The output of coal in 1905 was 7,959,000 tons. The 
estimated available supply is given as piobably not less 
than 100,000,000,000 tons. 

India. — Goal is obtained in India in giadually increasing 
quantities from seveial provinces. The bulk of it is laised 
in Bengal, but it also occuis in large quantities in the 
North-West Provinces and Oudh, Pun]aub, Central 
Provinces, Assam, Burmah, Umaria in Cential India, 
the Nizams Dominions and Baluchistan. 

The principal coalfields may be divided as follows . — 

Eastern Fields. These include Karharbari, Eamgan], 
Barratrai, and Jherri. 

Cential Fields. North and South Kaianpuia, Dalton- 
ganj, Hutar, Umari, Warora. 

Southern Field The Singareni Field. 

An accurate estimate of the exposed area of the fields has 
not so far been made, but it is given by certain geologists 
at about 35,000 square miles. 

The coal in the various fields is not always of the same 
geological age. That of Peninsular India is almost entirely 
of Tiiassic age, whilst that of Extra-Peninsular India is of 
Cretaceous and Teitiary age. In Noithein India the coal- 
measures consist of the upper, middle and lower series, and 
greatly lesemble those of England, being composed of 
sandstones and shales with beds of coal and ironstone. 

The Eaniganj is the most impoitant field and is con- 
veniently situated, as it lies at no great distance from 
Calcutta. 

The coal seams as a rule are of great thickness and 
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veiy numerous, and though not so pure as British coals 
are nevertheless of good bituminous or semi-bit iimmous 
quality. 

The output of coal in India in 1905 was 7,921,000 tons. 

Lieut.-CoL E. N. Mahon estimates the quantity still 
available in the main fields at 9'085 millions of tons. 

South Afeica. — Although there is unmistakable evidence 
of the existence of coal in many parts of central and 
northern Afiica, it is chiefly in the south of the continent 
that coal is worked to a considerable extent. In the 
Soudan, m Ashanti, in the Congo Free State, in Algeria 
and m Madagascar, coal has been found, but the fields are 
either so slight in area, or so far from the coast, as to 
prevent then thoiough development. With the exception 
of the Tete coalfield on the Zambesi Eivei no true coal of 
carboniferous age is yet known either m the northern and 
central areas ]ust named, or in the more important fields 
nearer the Cape Colony. 

Cape Colony, Tiansvaal, Natal, Orange Riier Colony , — 
In the Permo-Triassic rocks which exist over a great portion 
of these colonies, and which aie known as the Karoo forma- 
tion, coal is found of considerable value and is ^Yorked in 
the following districts : — Transi aal. At Yeieeniging on the 
Vaal Eiver; to the south of Middlebuig ; in the Geimiston 
district east of Johannesburg at Bocksburg, Brakpan, and 
Daggafontein. Natal. To the noith of the Tugela Eivei at 
Newcastle, Dundee and Ladysmith. Cape Colony. Kron- 
stad, Cyphergat and Indwe, Molteno and Steikstioom. 
Also in Sivazilaad and Rhodesia. 

Outcrops of coal, in many cases of great thickness, have 
been met with at various points along the plateau lying 
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bet’^een tbe Drakenburg Eange and the Matiwanc Moun- 
tains, and along the southern slopes of those mountains, 
between the Kei and TJmzimkulu Eivers. 

The output of coal in South Africa in 1905 was 3,219,000 
tons, the gi eater portion of which was raised in the Trans- 
vaal. No reliable estimate of the available coal resources 
has so far been made. 

Australasia. — The total output for the 4^stralian 
Commonwealth in 1905 amounted to 7,496,000 tons. 

Neiv South Wales . — This is the most important coal- 
pioducing state in Australia, and is responsible for over 
80 per cent, of the total output of the Commonwealth 
Coal is found in several geological formations, and the 
most recent results are tabulated as follows by Prof. David, 
according to a valuable paper recently read by Mr. James 
Stirling (mining representative of Victoria). 


Age 

ThickTiess 

Feet 

Formation 

Character of Coal 

Locality 

Tertiary 

100 

Pliocene to 
Eocene 

Brown coal and 
lignite 

KiandiaBay, &c 

Mesozoic 

2,500 

Tnassic 

Coal only suited 
for local use 

Clarence and 
Richmond 
River series 

Palaeozoic 

13,000 

Permo- car- 
boniferous 

Steam, gas, and 
household coal 

Northern, 
Southern, and 
Western 
fields 


10,000 

Carboniferous 

Inferior coal 

Stroud 


The Kiandra beds of brown coal are about 30 feet thick. 
There are deposits at Forest Eeef, near Nullathorpe, and 
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seams we also found m various alluvial beds covered by 
basalt In the mesozoic foimation are a seiies of locks 
called the Lower Clarence Series, and these contain five 
seams of coal vaiying fiom 2 to 37 feet thick, made up of 
beds of coal about 1 foot thick interstratified with bands. 
In the Palaeozoic locks the I^eimo-carboniferous series is 
found, and this has been divided as follows by Pi of. 
David 

1. The Upper or Newcastle measures containing many of 
the best seams. 

2. The Middle or Tomago coal-measures, in w’hich are 
the East Maitland seams, 40 feet thick, of which 20 feet are 
workable. 

3. The Loww or Greta coal-measuies, wuth an aggregate 
thickness of 20 feet of w^orkable coal. 

Queensland , — The coalfields of this State are of both 
mesozoic and palaeozoic age. In the former are the Ipswich 
and Barrum fields, believed to be co-related to the Clarence 
and Eichmond Kiver seiies of New South Wales. Near 
Ipswich the coal seams are more bituminous than further 
south; those of the south are good steam coals. An 
anthracite seam, 11 feet thick, has recently been struck on 
the Dawson Eiver. 

Coal IS also found m Victoria, Western and Southern 
Austiaka and Tasmania 

New Zealand. — The total output of coal m New Zealand 
in 1905 w^as 1,586,000 tons, the greater portion of this 
being raised* in Middle Island. 

Middle Island— The extent of the coalfield on the western 
side of this island is considerable. The seams belong 
to the Brown Coal Series, and are found interstratified 
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with bituminous shales, sandstones and limestones, very 
similar to the seams found in Germany. At Nelson and 
Canteibury and in Otago, blown coal is ^Iso found in 
large quantities. 

North IslancL — The measures m this island are probably 
of mesozoic age. Brown coal occurs in fairly large 
quantities, some seams being 10 to 15 feet thick. 

Japan. 

Large and important mines are now opened out in this 
country, the total output in 1905 being 11,895,000 tons. 
The mines are worked chiefly m the districts of Kinsin and 
Niphon. The coal is of good quality, and, like the coal- 
measures of China and India, is probably of Jurassic age 
Other islands of these seas, as Formosa, the Malay Archi- 
pelago, and Borneo, have rich deposits of fuel, many of 
which are at the present time being actively worked. 

China. 

China is rich in many minerals, especially in coal, which 
IS widely distributed throughout the vast Empire. Prof. 
Hull considers that the coal-measures are of an age more 
recent than the carboniferous, probably Jurassic. The 
chief provinces in which coal is found aie : Pechili, 
Shan-si, Shan-tung, Ho-nan, and Hu-nan. Besides 
unparalleled riches in coal, many provinces have abundant 
deposits of iron-ore. Most of the coal is anthracite, of 
good quality, and there are probably larger deposits of 
this valuable variety in China than in any other country. 

The Shan-si Coalfield covers an area of 55,000 square 
miles , thick seams of bituminous coking coals are found. 
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one seam being 20 feet thick. In Hu-nan anthracite coal, 
having a conchoidal fracture and comparable with the best 
vaiieties known, is found The stiata is gieatly broken up 
in this distiict, and the inclinations aie often great. Total 
aiea, 21,000^ ^quaie miles This great central coalfield of 
China stretches from Shan-si, near Pekin, along the fiontieis 
of Chi-li and Shan-si provinces, through Western Ho-nan, 
and Hupeh to Southern Hu-nan. Detached areas exist in 
Manchuria, Shan-tung, Kiang-si, etc. 

South A^kiERicA. 

Coal in South America is chiefly found in the Secondaiy 
locks, though a small quantity of caiboniferous age occuis 
in the PLepiihlic of Colombia, in the Aigentine Rqyuhlic, and 
in Patar/onux In Brazil, coal of the Secondaiy rocks is 
found in the Santa Catania and Pao Giande do Sul Piovinces. 
In Pei u, lignite is w’orked to a small extent fiom the Tertiary, 
as well as from the Cretaceous and Jurassic locks. In 
Chill lignite IS met ^vith m the Eocene rocks. Miocene 
lignite is found in the southern portions of Chili, and 
altogether this country now raises considerably ovei one 
million tons per annum. 
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THE CLASSIFICATION OF COALS. 

The essential properties of coal as fuel are det^jcmmed 
by the product resulting from the decomposition, due to 
the geological processes, already described. But although 
these combustible products which are usually included 
under the general term coal have many characteristics 
in common, and there is a definite gradation of one 
form of fuel into another, still a wide dissimilarity is 
observable between most of the seams, both physically and 
chemically. It will easily be understood, therefore, that 
there is a considerable difficulty in establishing a method 
of classification which will give full significance to all 
important features, and at the same time be of practical 
everyday use in the naming of new seams or in the selection 
of coals for varied industrial or domestic purposes. 

Modes of Classification. — Fuels are classified in 
different ways. Sometimes the classification is dependent 
upon the physical characteristics, such as colour, density, 
structure, and the behaviour of the coal when burnt, or the 
classification has reference to the age of the rocks in which 
the seams are found ; or again, the method may be based 
on the chemical composition, while m other cases the 
calorific or heating power is the essential feature of com- 
parison. Each mode of differentiation has certain advan- 
tages, either industrial or scientific, but the student often 
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finds great difficulty in distinguishing the varieties \Yhere 
the methods of doing so are based upon widely different 
standpoints, 

Chesiical Composition. — That coal is derived from the 
decay of vegetable matter, and that the process is a gradual 
one, is shown by the following Tables, which are based 
upon the chemical composition of coal : — 


Composition op Coal (Andre) 
Table I 


Substance 

Specific 

Gravity 

Carbon 

Hj tlrogen 

1 Oxjgen and 
Nitrogen. 

Wood 

0 91 

49 00 

6 25 ' 

“ 44 75 

Peat 

099 

59 30 

6 52 

' 3418 

Lignite 

1-25 

72 37 

5 18 : 

: 22*45 

Cannel . 

127 

80 37 

5 83 

13 80 

Bitnmmous . 

130 

86 17 

5 21 ! 

1 8 62 

Semi-bitummous 

137 

90 00 

4 75 1 

5*25 

Anthracite 

150 

92 50 

3 75 

3*75 


Composition op Coal (Tonge) 
Table II 


Fuel 

Carbon 

Hydro 

gen 

OKJgPTl 

Nitrogen 

Ash 

A\ailable 
and Dispos- 
able 

Hvdrogen 

Lignite, non -caking 

75 60 

5-00 

13 50 

3 00 

3 00 

3 30 

Cannel, Wigan, caking 

80 60 ' 

600 

8 50 

2 00 

3 00 

4 94 

Bituminous, cakmg 
Semi -bituminous, 

85 00 

5 20 

8 20 

0 60 

100 

5 00 

non- cakmg . 
Anthracite, non- 

90 00 

4*17 

2 53 

172 

158 1 

3 86 

caking 

93 60 

160 

260 

0 (IN 

2 40 1 

120 
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The following Table, taken from “ The Coal and* Metal 
Miners’ Pocket Book,”^ gives the composition of fuels 
obtamed fiom all parts of the world. — 

Composition of Fuels 


(Meehanical Draft, B F Sturtevant Co )» 


Description. 

Carbon 

j 

Hydro- 

gen 

[ 

Oxygen 

Nitrogen 

1 Sulphur 

Ash 

Anthracite , 

France 

90 9 

147 

153 

100 

1 • 

I *80 

43 

Wales 

917 

3 78 

1*30 

100 

[ 72 

15 

Ehode Island 

85 0 

3 71 

2 39 

100 

i 90 

70 

Pennsylvania 

78 6 

2 50 

! 1 70 

•80 

! 

14*8 

Semi-hitirnmnoiijS 







Maryland 

80 0 

5 00 

2 70 

1 10 

120 

83 

Wales 

88 3 

4 70 

60 

140 

180 

32 

Bituminous 







Pennsylvania 

75 5 

4 93 

12 35 

112 

110 

50 

Indiana 

69 7 

5 10 

19 17 

123 

130 

35 

Hiinois 

614 

4 87 

35 42 

141 

120 

57 

Virginia 

57 0 

4 96 

26 44 

170 

150 

84 

Alabama 

53 2 

4 81 

32 37 

162 

130 

67 

Kentucky 

491 

4 95 

41 13 

1*70 

140 

72 

Cape Breton 

67 2 

4 26 

20 16 

107 

1*21 

61 

Vancouver Island 

66 9 

5*32 

8 76 

102 

2 20 

15*8 

Lancashire gas 







coal 

801 

5*60 

1 810 

210 

150 

27 

Boghead cannel 

63*1 

8 90 

1 7 00 

•20 

100 

19 8 

Lignite . 







California brown 

49 7 

3 78 

3019 

100 

153 

13 8 

Australia brown . 

73 2 

4 71 

12 35 

1*11 

68 

80 

Petroleum 

Pennsylvania 







(crude) 

84 9 

13 70 

140 

— 

— 

— 

Caucasian (light) | 

86 3 

13 60 

10 

— 


— 

„ (heavy) 

86 6 

12 30 

110 

— 

— 

— 

Eefuse . 

871 

11 70 

120 





^ International Text Book Oo , Scranton, Pa, 
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St. Louis Expositmi Test — An improved classification 
on the composition basis has been proposed by Mr. 
Campbell, as a lesult of exhaustive tests made by him on 
an enormous number of coals from the eoalfiiells in every 
part of the world. The classification is based on the ratio 
of the contained hydrogen *to the total carbon. This 
method admirably suited the whole of the coals tested, and 
a Table^has been adopted containing nine groups, i anging 
from wood through peat and lignite to anthracite and 
graphite. 

Calorific or Heating- Power, Industrial Value. — 
The most generally accepted classification Table is that of 
Gruner. In this case the ash and water contents have 
been deducted, and the coals are taken as consisting 
only of carbon, hydrogen and oxygen, in order that 
the calorific and experimental heating powers of coals 
having nearly the same proportion of organic constitu- 
ents, but varying in the quantity of ash and water, may 
be compaied. In the Table given below, the calorific 
power was determined by the calorimeter and the evapora- 
tive power (kilogrammes of water in OP C. vaporised at 
112° C. per kilogramme of the pure coal burnt) was 
obtained by the amount of water evaporated in practical 
operations 

The nature and appearance of the coke in the first class 
was pulverulent, or at the most fritted ; in the second class 
caked, but porous and veiy brittle, in the third class caked, 
moderately compact, and more or less swollen ; m the 
fourth class caked, very compact, but little friable , and in 
the fifth somewhat slightly fritted, but more frequently 
pulverulent. 
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G-runer’s Classification of Coals (exclush^e of Lignites) 

AS REGARDS THEIR INDUSTRIAL YaLUE 


1 

Names of the Fn e 
Types or Classes 

Real 

Calorific 

Po-wei 

Percental ge j 

composition of the j 

01 game 1 

constituents 

Oaibon 

• 

S) 

Oxygen * 

Number of pai ts by 
weight of oxygen, 
taking H as 1 * 

Weight of coke 
yielded by 100 parts 
pure coil • 

Weight of volatile 
matters yieldtd by 
100 parts of coal 

(O 

- i 

« ft 

w 

1a^ Class 








K 

Diy Coals, burning 

8,000 

75 

4 5 

15 0 

30 

55 

45 

67 

with a long 

to 

to I 

to 

to : 

to 

to 

to 

to 

flame 

8,600 

80 

0 5 

19 5 1 

40 

60 

40 

7 5 

27id Class 









Fat Coals, burning 

8,500 

80 

5 0 

10 0 

20 

60 

40 

76 

with a long 

to 

to 

to 

to 

to 

to 

to 

to 

flame, or Gas 

8,800 

85 

5-8. 

14-2 

30 

68 

32 

83 

Coals 









Zrd Class 









Fat Coals, properly 

8,800 

84 

50 

5 5 

10 

68 

32 

84 

so-called, or Fur- 

to 

to 

to 

to 

to 

to 

to 

to 

nace Coals 

i 9,300 

89 

5 5 

110 

20 

74 

26 

92 

Class 









Fat Coals, burning 

9,300 

89 

4 5 

5*5 

10 

74 

26 

92 

with a short 

to 

to 

to 

to 


to 

to 

to 

flame, or Coking 

9,600 

91 

5 5 

6 5 


82 

18 

10 0 

Coals 









Class 









Lean (maigre) 

9,200 

90 

40 

30 

10 

82 

18 

90 

Coals, or Anthra- 

to 

to 

to 

to 


to 

to 

to 

cite 

9,500 

93 

4 5 

5 5 


90 

10 

95 


This amount includes the nitrogen, which Gruner states rarely exceeds 
1 pel cent of the organic constituents, ])ut this is rather nndei the aveiage 
amount 


It Will easily be seen that the presence of ash and 
moisture considerably affects the comparative heating 
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values of fuels It must also be remembered that ovvgen 
does not occiu in a fiee state in a fuel, but onlv in 
cf>mbination with othei constituents, and no paifc of the fuel 
vhich 13 alieady oxidised will be capable of developing 
anv fuithei lieat Xow, in older to estimate the value 
of a fuel fiom its chemical compo-sitioii as a heat producei, 
it is necessaiy to allow for a certain amount of caibon and 
hydiogei\ lequired to combine with the oxygen aheady 
present in the coal. If the oxygen combines with the 
hydrogen w'ater is foimed, thus, H 2 + 0 = H^O , if with 
the carbon, then caibon dioxide will be foimed, thus, 
C + 02=C02. As a lule the deduction is made fiom 
the hydrogen, the piobability being that half of the 
hydiogen is used up in this way, leaving only a small 
quantity of disposable or aiailahle hydiogen (see Table II.) 
to assist in the combustion of the fuel by its combination 
with the oxygen of the atmosphere. Of couise, hydiogen 
and oxygen when combined and forming watei are very 
objectionable m any fuel, as this not only reduces the 
amount of available hydrogen, but causes a considerable 
amount of the calorific powei of the coal to be uselessly 
expended m driving off the watei. 

In classifying coals tlieiefore, the moisture element has 
not to be ovei looked, as it is a \ery important featuie, 
especially in differentiating between the various kinds of 
bituminous coals and between bituminous coal and lignites, 
or between the lignites themselves. It is geneially lefened 
to as the '' watei of Indration,’’ or that part of the \olatile 
inattei which is incombustible 01 ineit, so fai as the fuel 
value IS concerned. 

By means of Buiong’s foimula the heating value of coal 

c 



130 


COAL 


may be approximately ascertained from the chemical 
analysis, thus . — 

Heating value per lb. = 146 C + 620 (h - 

where 0, H, and 0 are respectively the peieentages of 
carbon, hydrogen, and oxygen. In this case the available 

hydiogen is represented by H — - But even in this case 

o 

the particular factor is somewhat indefinite, because the 
ultimate analysis usually contains the oidmary moisture 
as well as the water of composition. 

The classification based on chemical composition, refen ed 
to as the St. Louis Exposition method, is on the whole a 
satisfactoiy one, judged from the mdustiial standpoint, 
but in certain cases is unsound. The exceptions occur in 
coals in which the hydrogen is from one-half to one per cent, 
above the normal, as often occurs in gas coals, while the 
percentage of oxygen is normal In such cases the ratio 
is reduced below the correct values foi such coals to a figure 
slightly different from that for lignites, as in the case of some 
bituminous coals. It is contended, therefore, by some,^ 
that whilst the valuable fuel constituents of a coal are 
carbon and hydrogen, it is the peicentage of oxygen in the 
fuel that indicates and determines its chaiacter , and that 
a ratio suitably combining the oxygen figuie would 
eliminate the difficulty just mentioned. By dividing the 
percentage of carbon by the sum of the percentages of 
hydiogen and oxygen, the influence of the oxygen is at 
once seen m the new value (see table on p. 124). 

Physical Chaeacteeistics. — The most common classifi- 

^ See Bulletin of Impeiial Institute for 1906. 
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Loc‘ilit\ 

C 11 bon 
per cent 

1 

HMliugen, 

, per ftnt 

( If n, 
per i ent 

Ritio 

Carbnn, 

Hjiliogeii 

Raf 10 
Carbon, 
H\ihogeii, 

0\j 

LLf/nite 0 } Blown Coal 
Thallem, Aiistiia 

6d 15 

5 05 

29 80 

12 9 

187 

Piiestedt, Piussia 

62 27 

?18 

32 55 

12 0 

1 65 

AVettcnheig on the Odei 

66 29 

5 20 

28 51 

12 7 

106 

Hessen Ca&sel 

66 49 

5 34 

28 18 

12 4 

198 

Cannel Coal*- 
Wigan 

80 07 

! 5 53 

810 

' 14 5 

5 87 

T\neside 

78 06 

1 5 80 

812 

13 4 

8 74 

Boghead 

65 72 

; 9 03 

4 78 

! 73 

4 76 

Bitiiminom 

Scotch : 

Wellwood 

j 8134 

1 

1 6 28 

6 37 

12 9 

6 51 

Kilmarnock, Sker- 
rmgton 

; 79 82 

1 j 

5 82 ! 

11 31 

13 7 

4 66 

Eglmgton 

^ 80 08 

; 5 50 

' 8 05 

1 12 3 

5 50 

Lancashu e 

Ince Hall, Pember- 
ton Yaid 

80 47 

' 

1 

6 68 

7 53 

12 9 

5 66 

Newcastle, Haswell, 
Wallsend 

83 47 

6 68 

817 

12 5 

5 62 

Antln acite Coals 

Welsh, Nixon’s 
Merth^ r 

i 90 27 

412 

2 58 

1 218 

13 6 


cation of coal is that based upon its phj^sical chaiacteristics, 
such as colour, density, stiucture and its behaviour when 
burnt. Under this system fuels aie generally divided into 
five varieties, viz , Wood, Peat, Lignite oi Brown Coal, 
Coal, Anthracite. 

Wood , — All fuels aie derived from wood and the remains 
of plants, etc , which consist principally of cellulose, i,e,, 
the substance of which the peimanent cell-membianes of 
plants are composed. The heating power of most kinds of 

K 2 
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wood IS about the same per pound, being usually taken at 
about *4 of the value ot the same weight of coal , m othei 
woids, 1 lb of coal is equal to lbs. of dry wood. 

Peat — This is the first pioduct resulting fiom the decay 
of vegetable matter, the partlj^ caibonised^ organic matter 
of bogs, swamps, etc. It contains chiefly ferns, mosses, 
rushes, reeds, and othei similar plants. It is geneially 
formed on iivei deltas, in low-lying marshy ^reas, or in 
pools or boggy places on moors or mountains. Near the 
suifaee it is generally of a spongy nature and light brown 
in colour, but deeper it is more thoroughly decomposed, 
and both darker and denser. Like other forms of fuel, its 
composition varies, being determined by the heat, pressuie, 
time and geological conditions alieady leferred to. The 
proportion of carbon vanes fiom about 60 to 63 per cent. ; 
of hydrogen from 4*5 to 6*8 per cent ; of oxygen from 28 6 
to 44*0 per cent ; of nitrogen from 0*0 to 2*5 pei cent. 
Unless specially prepared it generally contains a large 
amount of moisture, good air-dried peat retaining about 
25 per cent. The ash varies greatly, but is rarely below 8 per 
cent. The calorific value of air-dried peat is about 3,000 
calories, that of prepared peat or of peat briquettes being 
considerably higher. It is unsuitable for most metallurgical 
purposes owing to the phosphates and sulphur compounds 
contained m the ash, whether used in the form of briquettes 
or not The specific gravity of peat vanes from 0 11 to 1*02. 

Ligmte, oi Brown Coal . — This is the connecting link 
betw’'een peat and bituminous coal. It is chiefly found in 
the Tertiary rocks, and is more often met with on the 
Continent and in the United States than in this country. 
It IS, however, found at Bovey Tracey in Devonshire, in the 
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Miocene foimation, and it is found in tlie same locks on the 
Mackenzie Eivei, Canada. As will be seen fiom Table I., it 
has lost about half of its oxygen, the peicentage of moisture, 
on the other hand, is generally high, from 10 to 30 per cent. 
It has a lamellai or w’oody stiucture, having evidently shiunk 
but not haraig been eompiessed. Its colour vanes fiom 
brown to black. Lignites may be divided into (1) Fibrous 
blown coal^: this is fossil wood similar to Greiman lignite ; 
(2) Earthy lignite: this is without structure and with an 
earthy fracture ; (3) Conchoidal hgnite : this has a con- 
choidal fracture, but possesses no distinct vegetable 
stiucture ; (4) Bituminous lignite : this has a conchoidal 
fiacture, and somewhat lesembles anthracite, being a black 
shining fuel, used largely for the production of gas and tar. 
It burns easily, with a yellow^ flame, and emits a disagree- 
able odour. Its heating powder is low, and it leaves 
consideiable ash. Its specific giavity is 0*5 to 1*0. The 
calorific power of the above-named ^ignites varies from 
about 5,000 caloiies m the case of fibious to 7,000 in the 
case of bituminous lignite. 

Coal. — The chief varieties of coals are Gaseous, Semi- 
bitummous and Anthracite. It has already been pointed 
out that the gradation of one foim of fuel into another is so 
giadual that definite distmction is almost impossible. This 
is esjiecially the ease in the passage of lignite through 
bituminous lignite to what aie knowm as the non-caking 
bituminous coals. Ceitain characteiistics are common to 
both, so that terms derived from such characteristics are 
found to overlap certain vaiieties This is notably the ease 
with the gaseous coals, as this term w*ould include lignites 
rich in volatile matter. 
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Gaseous , — This name is generally given to those coals 
which give off large quantities of volatile gas when heated, 
such as Cannel, Hard Coal, Bioun Coal, Some of them 
ai e really Bituminous coals of the caking variety. They are 
generally conchoidal in stiucture, of a brownish black 
colour, although when ground to powder they are quite 
brown They are free burning coals, giving a long candle- 
light flame, and may be eithei of the caking or ^on-caking 
vaiieties. The non-caking varieties most nearly approach 
the lignites, and \\hen subjected to dry distillation leave 
55 to 60 pel cent of powdery or dusty carbonaceous residue 
(coke). The caloiific value is from 8,000 to 8,500 caloiies. 
The caking variety is lieh m volatile matter, giving off 32 to 
40 per cent, on distillation and leaving 60 to 68 pei cent, 
of a friable, porous coke. The caloiific power vanes from 
8,500 to 8,800 calories. 

The best known variety of gaseous coal is Cannel, It is 
sometimes called qfindle coal,” from its readiness to light 
and bum with a blight steady flame. In Scotland it is 
called ‘‘parrot coal” because of the crackling or chatteiing 
produced w^hen it is heated. It diffeis from ordinary 
bituminous coal in its texture. It is veiy compact, it is 
dull in appearance, does not soil the hands when handled, 
and has no appeal ance of a banded structure. It breaks 
with a smooth conchoidal fracture It is iich in volatile 
mattei, and is theiefoie used as a gas coal. It does not 
usually cake when heated and letains its oidinaiy structuie. 

The famous Wigan Cannel gives per ton the following 
lesults . — 

14,111 cubic feet of 39 candle-power gas, 7 cwts. of good 
coke, and a laige percentage of valuable bye-products. 
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The peieentage of ash and sulphur is usually laige The 
caloiific power, wTien free fiom ash and water, is from 8,000 
to 8,500 calories. 

Cannel, although diffeiing so greatly from other coals, 
has a composition similai to certain bituminous vaiieties. 
It IS clear, therefore, that the difierence is chiefly a physical 
one, brought about undoubtedly by an unusual combina- 
tion of heat, pressure, time and strata. 

Boghead Cannel, or toibanite, is a mineral found in the 
coal-measures in ceitain paits of the Scottish coalfields. 
Some doubt exists as to whether it should be included 
amongst the varieties of coal, but considering its chemical 
composition and its geological position it is evident that it 
is merely a slightly altered form of ordinary cannel. It is 
biowmsh black in colour, with a specific gravity of 1*5 and 
usually contains 63 to 65 pei cent, of caibon and 9'0 or 10*0 
of hydrogen. It gives off large quantities of gas, m some 
cases as much as 15,000 cubic feet per ton, and when 
distilled at a low red heat gives off 60 to 70 gallons of 
mineral oil per ton. 

As their name implies, gaseous coals are used almost 
entirely foi the pioduction of gas, the manufacture of 
coke, and the recovery of bye-produets {see p. 240). 

Bituminous . — The Bituminous coals contain more caibon 
and disposable hydrogen than the gaseous coals, but less 
oxygen, and also include both caking and non-caking 
vaiieties. There aie three distmct varieties of Bituminous 
coals, VIZ., Cleai Burning, Flaming, Fuhgmous. 

1. The Clear Bmning Coals are similar in structure 
and appearance to the gaseous coals. They are generally 
very friable and break up into small regular lumps. The 
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flame from these coals is generally clear, and not so long as 
fiom cannel. Although the percentage of gas obtained fiom 
this coal IS not so high as from other vaiieties, the laige 
quantity of coke which is obtained when this coal is biiint 
makes a clear burning coal a valuable fuel for maniifactuiing 
purposes. 

2. The Flaming Coals — These aie the true caking coals. 
Their stiuctme may be said to be platey; they are very 
friable, and aie known as soft coals. When heated the 
pai tides fuse together, foiming a spongy mass of tarry 
substance, through which the gas escapes, and, when 
observed in an open giate, the gas is seen to spurt out 
inteimittently as a narrow^ tongue of flame, followed by a 
small but dense stream of unkindled smoke. The result 
of this caking is that laige quantities of excellent coke aie 
obtained from this vaiiety of bituminous coal 

3. The Fuliginous Coals, so called because of the sooty 
charactei of their flame, are also rich in volatile consti- 
tuents, the gas obtained being of a good quality and laige 
m amount. Their caking property is not so marked as in 
the flaming coals, and consequently the coke is of a poor 
quality, but the other residuals are greatly valued. Some 
varieties of this coal soften and swell up in the fire and 
on distillation leave 68 to 74 per cent, of swollen coke 
with 15 to 16 per cent, of gas. The caloiific value is 8,800 
to 9,300 caloiies. 

These coals are used piimarily for steam raising pui poses, 
but they are also employed, oi at any late certain varieties 
of them are employed, for coke and smithy purposes, for 
gas making, and for ordinary household uses. When made 
into coke they are employed for the smelting of iron and 
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foi condensing the fumes of hydiocliloiic acid produced in 
the manufactuie of sodium caibonate. 

Semi’-BitiimDious . — The vaiieties of coals included undei 
this head are also called ‘‘ steam” coals, free burning” 
OL ''diy" coals. They aie geneially found belo'v\ the 
bituminous and gaseous seams, and as they have lain 
longei in the eaith it is piobable that they have been 
subjected J:o gieatei heat and pressure thiough a longer 
peiiod, and piovided the natiiie of the surrounding strata 
has been suitable, the occluded gases have been to a great 
extent diiven off (see pp. 14, 150) They contain, theiefoie, 
a gieatei piopoition of caibon and a smaller proportion 
of volatile matter than the bitummous coals (see Tables I. 
and II , p. 125). The amount of carbon is sometimes as 
high as 92 pei cent., and these coals gradually pass into true 
anthiacite Few countries aie iicliei in steam coals than 
England and Wales; almost every coalfield has seveial 
seams w'hich, though vaiying some'^hat in the amount of 
impuiities and ash, aie rich m caibon, producing a fiee 
burning, non-caking coal which is of gieat value for steam 
raising, domestic, and metalluigical puiposes 

Semi-bituminous coal is generally a good black colour, 
with a cuboidal fracture and harder than the varieties 
already mentioned. It kindles readily and bums quickly 
with a steady file. The flame is usually short, sometimes 
entirely absent, and when burnt in a good draught veiy 
little smoke is emitted The caloufic power is from 9,300 
to 9,600 calories. Q’hese coals are extensively used for 
steam engines and for manufactiuing purposes of every 
kind. Those qualities free from ash are m great demand 
for household purposes. The best and almost smokeless 
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varieties are made use of on ocean-going steamers, and 
certain vaiieties, named the diy ” or “ smokeless coals, 
aie used on the large naval steamers of this and other 
countries. The open-burning and flaming vaiieties found 
m North Staffordshire, which aie very suitable for the 
manufacture of pottery ware, form another sinking example 
of Nature’s economical methods and the natural mineral 
advantages which this country possesses in various ways 
and in certain localities. 

Antheacitb. — Anthracite is coal in its most altered foim. 
Owing to the great geological forces to which it has been 
subjected, and the particulai conditions of its ‘'deposition 
and formation, it has got rid of the bulk of its volatile 
constituents, so that it consists almost entiiely of caibon 
(over 90 per cent.). It is a dense black in colour and 
has evidently been more completely mineralised. It is 
dense, hard, and lustious. Its stiuctuie is homogeneous 
and it often flies to pieces when heated. It does not easily 
ignite, and burns with a feeble, smokeless flame, giving off* 
intense heat. It is a non-caking coal, and although it 
leaves 82 to 92 per cent, of coke, this is of a powdeiy 
natuie and of no commeicial value. The calontic power 
of anthracite is 9,600 calories. Anthiacite is used foi 
smelting, and other metallurgical purposes ; it is largely 
employed for heating kilns, such as malt kins, and foi hop- 
drying, where a steady smokeless heat is requiied, for 
lime burning , and m the manufactuie of water gas without 
purification. 

Classification according to Geological Age. — It is 
generally assumed that those coals which are found m 
the more recent Tertiary rocks are not so thoroughly 
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decomposed or metamoiphosed, and, as a lule, those seams 
found in the caibonifeious locks have ceitain charactei- 
istics which aie detei mined by theii geological age oi 
position But at the same time it must be lemembered 
that m some cases the same seams vary gieatly m chaiacter 
if follo\^ed for some distance*. This is well known to be 
so in the case of many seams m South Wales and the 
anthiacite legions of Ameiica, where seams which aie of 
anthiacite quality at a certain point pass giadually 
into semi-bituminous seams w'lthin a comparatively shoit 
distance. 



CHAPT'EE IX 

THE VALUATION OF COAL. 

The mdustiial value of coal and its selection for ceitain 
purposes, vEile based largely on iis chemical composition, is 
neveitheless also dependent on its physical chaiacteiistics 
and its behaviour vhen heated The use of watei-tube 
boilers, giates for burning small coal, fuel economisers, etc., 
IS an indication of the gieat difteience in the qualities of 
various coals and the necessity foi adapting the mode of 
combustion to the fuel used, oi nre 'leisd The only ceitain 
guide in the selection of any coal foi definite pin poses must 
be continued and caieful piactical use. 

It IS quite evident that the suitability of a coal foi any 
particular pui pose needs caieful consideiation ; anthiacite, 
which generates gieat heat, is difficult to ignite, and there- 
fore IS not suitable, foi example, for household purposes. 
It IS clear also that a coal which will not coke is not the 
most suitable for gas production, as a gieat part of its 
value IS lost if the coke is of pooi quality. Besides the 
use of suitable coal it may be possible to gam a certain end 
by adapting the methods of combustion to suit the coal 
This is done wEen an induced di aught is provided oi the 
coal IS charged on to specially constiucted grates, or when 
any ot the means just lefeired to are employed. Another 
instance of this kind is that in which compressing and 
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charging machines are used for the moie efficient manu- 
facture of coke. 

The value of coal of any kind is dependent upon — 

1. The number of units of heat generated m its com- 
bustion (unless merely a gas coal). 

2. The piopoition of coihbustible mateiial whieli it 
contains ; or, in other words, its fieedom fiom uselesb dirt 

3 Its^ suitability for the paiticulai puipose foi vhich it 
IS required. 

In the determination of the value of coals the following 
points, in addition to those alieady referred to in the 
classification of coal, should be considered : — 

1. Moisture. 

2. Ash. 

3. Yolatile combustible matter. 

4. Nitrogen. 

5. Coke and coking jiowei. 

6. Fireclay. 

7. Sulphur and phosphorus 

8. Strength or hardness. 

9. Specific gravity. 

Moistube — Moisture is an undesiiable element in coal. 
It is an inert constituent and has no fuel value. On the 
other hand, as has been shown (p. 129), it gieatly reduces 
the calorific effect. The exact deteimination of the amount 
of moistuie present in varieties of coals is a veiy difficult 
matter, as some coals lose moistuie rapidly when finely 
pulverised, while others have a marked capacity for 
absorbing moisture from the air. Even though great care 
is taken, therefore, in removing coal samples from the mine 
in hermetically sealed vessels, the moisture in the an of 
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the laboratory or the degree of fineness to which the 
sample is reduced affect the result of the test. Lignite 
coals generally show a greater percentage of moistiiie when 
taken from the waggon than when taken diiectly from the 
seam. Bituminous coals containing over 5 per cent, 
moistuie generally show less*moisture in the waggon than 
in the mine ; bituminous and semi-bituminous coals con- 
taining less than 5 per cent, moisture geneially, show a 
gain of moisture in the w^aggons. In washing coal the 
great mciease in the peicentage of moistuie would be a 
serious matter if it were not foi the fact that special 
methods are adopted to dry the washed pioduct. It must 
be remembeied that 1 per cent of moistuie means 22 lbs. 
less fuel in each ton of coal. 

Ash — Ash consists generally of silica, alumina, lime, 
and oxide and bi-sulphide of iron. Like moisture, ash is 
also an inert constituent reducing the commeicial value of 
the coal, lequirmg consideiable labour for its elimination 
at the mine, and involving great expense m stoking, 
besides loss of fuel value at the place of consumption. It 
may be seen as a light wdiite ash in the grates of houses, 
or as large clinkers,” fusible compounds, in the fires 
under boilers. Bed ash, which is derived fiom the iron 
pyiites in the coal, is especially liable to fuse and to form 
clinkers. In this way the fusing vitreous mass accumulates 
on the grate bais, preventing the easy passage of the air ; 
this is chiefly the case where great heat is necessary. 

Volatile Combustible Mattee — The detei mining factor 
in the adaptability of a coal either for steam raising oi gas 
production is geneially the propoition of hydrogen. It will 
be noticed from the Classification Tables (I and II., p. 125) 



THE YAEUATION OF CO.VL lU 

that not only does the percentage of carbon increase m the 
moie complete metamorphism of the vegetable matter, but 
the ratio of the hydiogen to the oxygen also increases ; that 
is, the percentages of oxygen and hydiogen are decreased, 
but the former more than the latter. The amount of 
hydrogen is the chief factor upon which the volatile com- 
bustible matter depends, and consequently also influences 
the production of coke. Again, when a laige percentage of 
volatile combustible matter is present, coals ignite easily 
and usually burn with the long yellow flame to wdiich 
reference has already been made. The quantit;) of moisture 
present in the coal affects the volatile matter. The 
moisture has a tendency to cause incomplete combustion, 
as the volatile matter liberated may not attain the ignition 
point, and, mixing with the gases from the burning mass, 
may pass away up the chimney unburnt. Bodies rich in 
carbon are also liberated by this lower temperature, which 
when mixed with air may inflame, but cause the sepaiation 
of carbon particles which are not raised to the ignition 
point and which pass off as smoke It must also be 
remembered that when coal is added to the fire, a consider- 
able reduction of the surface temperature takes place. This 
cannot easily be avoided as it is due to the contact of the 
cold mateiial, the volatile matter libeiated causing an 
absorption of heat. The difficulty is increased if moist 
coal IS fed into the fire. 

Nitrogen — The propoition of nitrogen in coal usually 
vanes from about 2 to 3 0 per cent. It cannot be said that 
its pressure greatly affects the coal except for bye-product 
recovery purposes. When burnt m coke ovens the mtiogen 
combines wuth some of the hydrogen of the coal to form 
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ammonia (NHs). This is one of the compounds now valued 
very highly by colliery and gas companies, the economical 
recovery of which constitutes an important industry in 
this and other countries. Nitrogen in coal is probably 
derived from the remains of animals oi from the atmos- 
phere of coal-measuie times. 

Sulphur and Phosphorus — The presence of these 
elements m coal of whatever vaiiety is generally a dis- 
advantage. Whether sulphur passes off with the volatile 
matter m the production of gas or remains behind m 
the coke, it is a gieat drawback. In the first case the 
purification of the gas is rendered more difficult, in the 
second ease the coke is of considerably less value foi metal- 
luigical puiposes. Practically all the phosphorus and a 
large proportion of the sulphur go into the metal and 
contaminate it. The sulphur also tends to become con- 
verted into sulphuric acid through the formation of 
corrosive gases. 

Sulphur occurs as a constituent of the organic fuel, as 
iron pyrites (bi-sulphide of iron FeS2), often called 

brassey,” from its appearance when found in coal 
seams. In gas making, the sulphui occurring in this 
form is most likely expelled as sulphuretted hydrogen, 
carbon-bisulphide, or as some volatile organic compound 
When coal is burnt in contact with the air the sulphui 
passes off as sulphur dioxide, or it may help to form 
clinkers in case it is oxidised to sulphate in the presence 
of a basic ash. 

It occurs also as sulphate of lime, and alumina, and as 
an organic compound with carbon and hydrogen, in each 
case forming compounds of carbon, etc 
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It IS deal, theiefore, that sulphur m any foim is objec- 
tionable and should be got iid of entiielj by ’slashing oi 
othei piocesses. Its amount vanes gieatly in different 
coals An analysis of several samples of coals gives the 
following: — 

^ ^ » 

Sulphur 


Welsh coal 

1-43 

Ne^vcastle 

1-24 

Deibyshiie and Yoikshiie 

. 1-01 

Lancashire . 

1-44 

Scotch .... 

1*11 

Anthiacite (Ireland) 

. 6-76 


Caking and Non-Caking Coals.— In the Table No. II. 
(p. 125) it will be seen that the quantity of available 
bychogen increases to a certain point, the amount of 
caibon also increasing similarly. Eut it is found that 
these coals do not cake, that is to say, the particles do 
not stick together in a plastic mass, when heated either in 
open grates or closed retorts. Consequently these coals are 
placed in the non-caking class. As the available hydrogen 
increases, however, beyond this point, it is found that these 
coals possess the property of caking together when heated, 
and foiming a mass of coke when distilled m a closed 
retoit This coke is the residue of carbon left after all 
the other elements have been diiven off either in the foim 
of coal gas oi coal tar. This maybe called the caking class. 
It will also be seen fiom the above-named table that some 
coals rich in carbon, but with a less quantity of available 
hydiogen, do not possess this propeity, so we are led to the 
conclusion that the caking power of a coal depends not 
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upon the amount of carbon contained in it, but upon the 
quantity of available hydrogen. 

OoEE. — Coke consists of the residue of carbon and ash, 
which remains after all the hydro-caibons, oxygen, nitiogen, 
and water have been driven off. Although ^most coals pio- 
duce coke, it is only fiom the caking variety of bituminous 
coal that the best coke can be obtained. There should be 
at least 4*5 per cent, of disposable hydrogen if a»coal is to 
yield good coke. 

If an ordinary pipe with a long stem be taken, the head 
filled with powdered bituminous coal, and the top coveied 
with clay, so as to shut out the air, then if heat is applied to 
the head by means of a bunsen burner, the decomposition 
of the coal will take place. The coal splits up, the gaseous 
products, such as the lighter hydro-caibons, being emitted 
at the end of the stem, where they will burn if a light is 
applied. When the driving off of the gas is completed, and 
the clay removed, a mass of brittle and more or less 
spongy-looking carbon is found, which contains also certain 
quantities of inorganic matter called ash. This is coke, 
and may be called the charcoal of coal. Besides the 
lighter hydro-carbons already mentioned, however, other 
volatile compounds, the heavier hydro-carbons, etc., are 
produced, and these are collected when this piocess is con- 
ducted on a large scale as in gas making, and produce what 
are known as tar and ammomacal liquor. From these many 
useful substances called hye-q^ivdiicts are obtained. 

Firbclat. — Fireclays are the clays which are found 
under many coal seams. They consist chiefiy of silica 
and alumina, and will withstand great heat without vitri- 
fying, and consequently, are of great value when made 
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mfco firebricks, crucibles, and refcoifc pipes. Many mines 
of fiieclay are worked for this pioduct even where the coal 
above is of no commercial value. 

Physical Chauacteeistics of Coal and Coal Seaws. — 
The structure and texture of coal is determined by its mode 
of deposition ; 'the effects of eaith movements vhich have 
taken place subsequently , and the proportion of the gases 
which have been occluded or driven out from it during 
decomposition, and these agents cause coal seams to vary 
not only in their chemical composition but in their thick- 
ness, structuie, hardness, and the number of breaks, slips, 
cleats, or faces contained in them. 

Some seams also contain bands eithei of shale or iron- 
stone, lepresenting (Veins, etc., deposited on the accumula- 
tions of vegetable matter. These may be situated at the 
top, bottom, or midway m the seam. Other seams are 
free from these dirt bands ” but contain quantities of 
“bass,” 1.6., shale and organic mattei intermixed, which is 
of no greater value. Consideiable difficulty is always 
experienced in keeping the coal free from the former 
during extraction, whilst it is even more difficult to sepaiate 
the “bass.” Every effort, however, has to be made to 
do this, both in the mine and on the surface, as these 
impurities are an addition to the material which has 
been referred to as ash m considering the chemical com- 
position. In some seams the diit “ parting,” occuriing 
at the bottom, in the middle or at the top of the seams, 
forms a good “holing” dirt, enabling the collier or the 
coal cutter to hole easily, m this way saving a consider- 
able amount of coal as well as i educing the necessaiy 
labour. Holing in the dirt in this way is a distinct 

L 2 
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advantage provided care is taken to lemove the cUhns before 
the coal is allowed to fall so that the former does not get 
intei mixed with the latter. In many mines the coal is of 
such a valuable chaiacter that the holing is never done in 
the seam itself, and if the diit is very hard, coal cutters are 
used, piobably at considerable expense, in" older to avoid 
the cutting away of valuable coal. This is especially the 
ease in thin seams. 

The tenacity with which the coal sticks to the adjacent 
strata, that is, either the roof above or the floor below the 
seam, vaiies in difieient mines and in different parts of the 
same mine Many seams are separated fiomJhe loof by a 
clear and smooth paiting, which enables the coal to fall 
easily when undercut, only thm wedges being lequired to 
bring the coal down. On the othei hand, many seams 
make an irregular and indistinct connection with the roof 
or floor, referred to as a sticky ” or claggy ” roof or 
floor, and this necessitates considerable labour duiing the 
disruption, the tenacity of the coal being appaiently 
greatest where it is joined to the strata. This is especially 
the case where the roof is of sandstone and is ‘‘scabby” or 
uneven. 

Seams are not always of the same hardness throughout 
their entire thickness. The upper portion may be of a 
very hard nature and the lower portion exceedingly soft or 
vice veisCi. When the various parts of a seam differ in this 
way in texture, they may also vary considerably in quality. 
This is especially the case m thick seams where two, three 
01 more distinct seams occur divided by thin or even imper- 
ceptible bands or partings, the diffeience in the character 
of the coals being veiy marked, some portions being of 



THE VALUATION OP CO.iL. 


149 


fiist rate quality vrliile others may be quite valueless. 
Seams aie found having one jioition of ligiutic oi cannel 
quality, while the other poitioii is of bituminous or semi- 
bituminous quality. 

Stienrfth and, Hai d ness. — Wh^n coal has to be tians- 
ported in tubs for consideiable distances undergiound, 
tipped and handled at the pit bank, and carried on railways, 
roadways, sanals, etc., it suffeis considerable disintegiation 
unless of a very hard natuie. Hardness is theiefore a 
valuable featuie if waste is to be avoided. Soft coal piodiices 
laige quantities of dust wuth 
every operation to which it is 
subjected. Besides, it absorbs 
more moisture and is more lia- 
ble to spontaneous combustion 
where the conditions of trans- 
port are favouiable to either of 
these deteriorating influences 
Strong coal is needed especially 
in blast furnaces. 

Lamination . — Owing to the 
deposition of the coal under water, the seams are generally 
made up of a number of thin plates or laminae, which aie 
paiallel to the plane of stratification. This horizontal 
division is more maiked in some seams than in others, 
being as a rule very distinct in lignites and bituminous 
coals, but entirely lost in anthracites. 

Cleaiage . — The joints ” or faces ” m a seam of coal or 
in a piece of coal are not all equally distinct. They have 
been caused by slight earth movements, which have also 
affected the superincumbent strata, or are due to the 



Fig 23 — Structure of coal The 
horizontal ilivi&ions aie termed 
‘ laminations ’ the most chs- 
tinct veitical loints are teimed 
cleats ’ oi ‘ faces 
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shrinkage of the coal when drying The most distinct 
vertical joint is called the “cleat” or “face.” A second, 
but less marked joint is geneialiy found eitbei at light angles 
to the main cleat or at angles of slightly moie oi less than 
90 degrees The joints cause the coal to, be broken up 
into rhomboidal blocks. The second and less distinct joint 
forms the “ end ” of the coal, and as the cleat is geneialiy 
parallel to the “strike” — that is, the level direction of the 
seam — the face is usually at light angles to the strike — 
that is to say, paiallel with the “ dip ” of the seam. 

The Occluded Gases of Coal. — The gases enclosed or 
occluded in coal are distinct fiom the gases included in the 
chemical composition. They are the gases caused by the 
changes pioduced in the vegetable lemains, which are pent 
up in the seams or adjacent stiata until the face of the coal 
is laid baie or exposed, and the gases are able giadually to 
escape. They consist chiefly of carburetted hydrogen 
(CH 4 ), nitiogen, oxygen, carbon dioxide, hydiogen. These 
gases are included under the teim “fiiedamp ” by the minei, 
the chief constituent of which is CH 4 (about 90 per cent.). 
Great pressure is often exerted, as the gases foice their way 
out of the pores or cavities of the coal or openings in the 
stiata, and they often exert sufficient power to burst off 
large blocks of coal or rock. They may be heard oozing 
out of many newly-exposed faces of coal, and even out of 
large blocks of coal at the suiface as they are broken up. 
Seams differ greatly in this respect, the transpiration of the 
gases, as the process of entering into the atmosphere of the 
mine is called, being slow and giadual m some eases, but 
rapid and violent in gaseous seams The gases, after 
diffusion into the atmosphere of the mine, form with it an 
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explosive mLxtine, which is the cause of the seiious explo 
sioiib occiuimg fiom time to time The fiue paiticle^ ot 
coal dust also, which aie highly inflammable, and ]>eirig 
readily turned into gas inciease the dangei considei ably, 
as it IS found that although mixtuies of fiiedamp and an 
do not explode unless the pioportion of fiieclami) is fiom 
about 6 to 12 pel cent., mixtures ot fiiedamp, coal dii^t, 
and an are explosive when only slight traces of the foimer 
are jireseht, or even when firedamp is entirely absent 
Many experiments have been made to deteimine the 
nature and quantity of the gases occluded in coals. Pi of 
Meyei^ placed pieces of coal of the size of a nut in a 
flask and boiled them in water which had pieviously been 
made air-fiee by boiling ; the flask was piovided with an 
indiaiubbei stopper, through which a glass tube led the 
escaping gases. The latter were collected over boiling 
water. He obtained from British and Westphalian samples, 
heated to 100^ C., fiom 4 to 238 cubic centimeties of gas 
per 100 grammes of coal. The gases varied m composition, 
but all contained caibuietted hydrogen, carbon dioxide, 
oxygen, and nitrogen. 

Coals from Zwickau were tested, and gave off higher 
hydro-carbons in addition to the above-named gases Mr. 
W. J. Thomas^ extracted the gases by heathig to 100" C. 
and aftei’wards exhausting them by means of a Sprengel 
ail -pump. In this way he obtained 30 to 600 cubic centi- 
metres of gas per 100 grammes of dry South Wales coal, 
the gas having a similar composition to that already men- 
tioned. Some cannel coals gave only caibon dioxide and 


^ “ Joui’nal fui Piaktische Ckemie,” New Senes, Tols 4 and o, 
^ “ Journal of the Chemical Society,” 1876, Yol 30, p. 144. 
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nitiogen, others carbon dioxide, nitrogen, caibuietted 
hydrogen, and higher hydro-carbons 
Prof Jeller gives the following compositions, etc., of 
gases obtained from 100 grammes of Rossitz coal heated to 
100° C by the Meyer method . — 


Sanijjle 

Gas 

Cubic 

Centimeters 

Carbonic 

Acid 

Pei cent 

Carbuietted 
Hydrogen 
Per cent 

Ethane, 

02Hb 

Pei cent 

Nitrogen 
Per cent 

1 

^ 54 

56 

3 

16 

25 

2 

38 

1 35 

10 

4 

51 

3 

60 

36 

25 

7 

32 




Fiom experiments made by Dr. Bioekman/ as well as 
from those already described, coals may be divided into two 
types in legard to the gases enclosed: (1) those which 
contain higher hydro-carbons, and are dangerous ; and 
(2) those which contain no higher hydro-carbons, and form 
a less dangerous dust. At the same time it must be borne 
in mind that the strata or cavities above or below the coal 
often form reservoirs of gas which has escaped from the 
coal seam, and these accumulations are just as dangerous 
when released as the gas transpired directly from the coal 
into the workings. 

Specific Grayity. — ^As will be seen from the tables 
(p. 125), the specific gravity of coals varies considerably, 
being greatest in the most perfectly decomposed forms and 
least in the lignites. Specific gravity is only an impoitant 
factor when theie is restriction of space for stoiing or con- 
veying, as in railway waggons and ships. A given bulk of 


^ Crluchauf^ 1899, Vol. 35. 
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antliiacite weighs fiom 10 to 15 per cent, inoie than an 
equal bulk of bituminous coal, but it is cleai that the 
lelation&hip of bulk to weight cannot be the detei mining 
feature unless the suitabilit}" of the fuel in other respects is 
not a consideration. 



CHAPTER X. 


FOREIGN COALS AND THEIR VALUES. 

Although all countries requne coal, compaiatively few 
pioduce it, and fewer still jiroduce such quantities of good 
fuel as to render the impoitation of further supplies un- 
necessary. There are probably only two countries — 
England and the United States — that do not import coal, 
for although such countries as Germany, Fiance, and 
Austria raise enoimous quantities of fuel annually, the coal 
measures are deficient in some vaiieties which aie very 
suitable for specific purposes. 

Natuie has favoured the Biitish Isles moie than other 
countiies in the formation, numbei, and charactei of her 
coal seams. This does not mean that eveiy vaiiety of 
British fuel is superior to othei coals, but that this country 
has the greatest number of supeiioi varieties. For example, 
class for class, the Westphalian coals are piobably quite 
equal to English, except that the ‘‘ Mager ” coal is inferior 
in quality to Welsh Anthracite ; but the numbei of varieties 
is less than m England It is possible that the reputation 
of many varieties from this country is so good that sellers 
of coal fiom other fields have great difficulty in competing 
in foreign markets, but in their own markets the coal of 
France and Germany finds a large and ready sale. Again, 
the fact that the fuels of these countiies are not suitable 
for so many purposes has caused Continental Mining 
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Engineeis to devise means by vhicli tlieir U'^efulne^rf may 
be incieased, and ])y a caiefiil piocess of cleaning, soitmg, 
coking, and biiquetting, ilie mdu-tiial value of then fuel', 
has been gieatly impioved 

To show, howevei, tliat English coal ih expound even to 
impoitant coal mining countiie'., it max 1)0 stated that in 
1908 the impoifc of coal and coke into Hamburg fioin 
England '•^vas 3,067,400 tons, and fiom Geiman coalhcdds 
1,874,300 tons to the same place 

The manufacture of mfeiior varieties of coal into coke, 
especially in Gei many, has greatly increased the value of 
the home pioduct and the scope of its usefulness. 

It IS difficult to eom];)aie the value of the foieign coal vith 
that of the home product , the exact conditions of ehaiging 
and burning must he known if the ealoiific x^alue, rapidity 
of combustion, pioduction of smoke, and natuie of the ash 
are to be of use foi compaiison, but a few examples of 
foreign coals, with an estimate ot their commercial value, 
will be useful for compaiison with Biitish coals so fai as 
this is possible 

Like England the United States possesses excellent seams 
of almost eveiy knowui x’ariety of coal and as has been 
shown, these are of unlimited extent, and on account of the 
fact that in almost all cases the coal aieas occur in close 
proximity to the seaboard, or to laige mdustiial centies, 
the opportunities foi its utilisation aie numeious and 
vaiied, and the value of the commodity is theiefore veiy 
great. 

In the desciiption of various fuels tlie Anieiicaii coals 
have already been compared {set' p. 119), and it is only 
necessaiy to add the folloxxing table giving the aveiage 
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composition and heating values of vaiious coals obtained in 
the coalfields of the United States 



Moisture 

Volatile 

Mattel 

Fixed 

Caibon 

Ash 

1 teiilphiir 

i 

But rii 

Ulllt-5 

1 

Anthiacite, Pa 

3 42 

488 

83 

27 

8 20 

1 0 73 

1 18,160 

Bioad Top, 

0 79 

15 61 ! 

77 

30 

5 40 

0 90 

^ 14,820 

Cumberland, Md 

109 

17 30 I 

73 

12 ! 

7 75 

0 74 

14,400 

Pocahontas, Va 

100 

2100 1 

74 

39 : 

8 03 

0 58 

15,070 

NewBner, AV Va 

0 85 

17 88 ! 

77 

64 : 

3 36 

0 27" 

15,220 

Connellsville, Pa 

126 

30 12 

59 

61 

8 23 

0 78 

14,050 

Youghiogheny, Pa 

108 

36 50 

59 

05 

2 61 

0 81 

14,450 

Pittsbmg, Pa 

137 

35 90 

52 

21 

8 02 

180 

13,410 

Hockmg, Ohio i 

6 59 

34 97 

48 

85 

8 00 

1-59 

12,130 

Fairmont, W. Va 

161 

27 16 

67 

54 

3 69 

0 68 

14,976 

Wyoming 

819 

38 72 

41 

88 

i 1126 

— 

10,390 

Oregon (lignite) 

15 25 

42 98 

33 

32 

711 

166 

8,540 




As a rule the coal of Germany is characterised by a fairly 
low percentage of carbon and a comparatively high piopor- 
tion of ash, soft irregular seams being more common than 
hard seams uninterrupted by rolls, varying inclinations, 
and alterations in the thickness of the seam. In the Euhr 
coalfield the coal contains 82 to 85 per cent, of carbon and 
5 to 6 per cent, of hydrogen. In Lower Silesia good coking 
coal is met with containing 84 0 to 87*0 per cent, of carbon 
and 5*2 to 6*0 per cent, of ash. 

The heating value of this coal is as follows ; — 



Oaloiies. 

Prosper Colliery 

8,220 

Ewald 

7,300 

Dahlbusch 

7,200 

Zollverem 

6,800 


In the Saarbiucken field the coal is of very good quality, 
containing up to 84 per cent of carbon and 4*5 to 5*0 per 
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cent, of ash. A niim])ei of German coals tested by II 
Bunte in 1900 gave the following ana'y-sis : — 


C’ulllHT-J 



O .X \ 



A^ll 

Fiohliche !Moigeii- 







<^onne lUiln 

SO 27 

4 41* 

2 74 

1 27 

0 70 

1 63 

ZolheiLiii Ruhi 

79 77 

4 75 

5 68 

1 hO 

164 

6 80 

^ dci IIe^ dt, Saai 

09 07 

4 21 

10 93 

1 12 

‘3 90 

10 77 

Dudweillei^ Saai 

7S 26 

5 11 

8 57 

0 97 

182 

5 77 

Yiktoi Silesia 

81 12 

4 24 

4 93 1 

1 2i 

1 65 

6 83 

Konigin Luise Sile&ia 

70 60 

4 80 

8 77 

1 57 

. 2 28 

12 48 

Oelsnit?, Saxony 

71 4j 

4 76 

10 06 ' 

180 

8 91 

8 52 

Penzbeig ]>avaiia 

47 78 

3 83 

10 92 1 
} 

5 24 

10 18 

22 05 


Geiman lignite is laigely used foi biiqiiette making. For 
each ton of biiqiiettes about 2 25 tons of la,^ lignite is 
requiied. The heating value of thiee tons of biiquettes 
thus made is equal to tvo tons of bituminous coal. 

In Austria the coal seams, though often occiurmg in the 
foim of thick deposits of bituminous coal, aie not gieatlj 
infeiior to the Geiman coals The fuel of the Ostrau-Eiiwun 
field, which may be looked upon as the south -w'estpoition of 
the upper Silesian field of Geimany, contains on an average 
72 to 79 per cent, of carbon, 4*5 to 5 per cent of hydiogen, 
4*5 to 9 5 per cent, of ash, and 2 to 4 per cent, of moisture. 

The lignite of Bohemia furnishes a veiy useful long- 
flamed fuel which IS largely used in the iron iiidustiy of that 
countiy. Its anahsis is as follows — 



1 


A',h 

M itTt 1 1 

Ht atiiio' 
\ lIUM 

Laloi u -I 

Ossegg 

19 90 

i 

2 oo 

77 55 

5 540 

Biux 

27 83 

1 

2 91 

69 26 

4,775 

Dux 

86 56 


3 21 

60 28 

4,018 
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Hungarian coal is of poor quality in most cases. The 
best seams aie at Kesicza-Szekul, and heie the coal contains 
60 to 70 per cent, of caibon, 4*5 to 5*0 pei cent of hydrogen, 
0 8 to 1*5 per cent, of sulphur, and 6 to 12 per cent, of ash. 
Some varieties of Hunganan lignite contain 68 0 to 69*0 
per cent of caibon, 4*2 per* cent of moisture and 5 0 per 
cent, of hydiogen, the calorific power being as high as 
6,960 calories. 

c 

The following table gives some typical analysis of French 
coals • — 



Fi\pd Carbon 

Volatile Mattel | 

Ahli 

Lens 

64 10 

27 20 

8 70 

Commentiy 

60 00 

34 00 : 

6 00 

Commentiy 

82 72 

17 00 

0 28 

Blanzy 

76 48 i 

2124 i 

2 28 

Le Cieusot 

65 40 

3120 

3 40 

Gard 

59 50 

26 60 

13 90 

Gard 

7130 

2160 

7 10 

Yai (hgnite) 

49 30 

46 80 

3 90 


From the above it will be seen that the coals richest in 
carbon are found in the Commentry field, and these are 
equal to good British steam varieties. Many of the other 
classes make excellent gas and coking coals, while other 
vaiieties seem to be peculiarly suitable foi the many iron 
and steel manufacturing processes, lime burning and glass 
making, foi which St. Etienne, Oreusot and other portions 
of Noithern Fiance are famous 

The Belgian seams aie very similar in character and value 
to those of France. They may be classified as follows . — 
(1) Gas coal with 29 to 45 per cent, of volatile matter, 
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produced esi)ecially m the ]\Ions coaltield, c2) Cokiii*:; coal, 
with 17 to 29 pel cent, oi \olatile mattei ; (3) Domcbtie 
coal, with 10 to 17 per cent, of volatile mattei , and 
(4) Short flaming coal, with less than 10 pei cent of 
volatile matter, and used for lime and brick burning. 
The new Campine coalheld is now thoroughly exploied, 
and numerous tests of samples show that the principal 
seams are^of good gas-inaking varieties with some excellent 
coking seams- 

The coal of Russia vanes considerabl}’' in value ; this can 
easily be understood as the fields are at gieat distances 
from each other. Moreover the oppoitumties toi using the 
fuel are not in each case the same, and the impossibility of 
supplying and maintaining machmeiy for its proper 
utilisation gieatly reduces its commercial value In main- 
cases sulphur is piesent in large pioportions, as w’ell as 
moistuie and ash, two veiy undesiralile ingredients, the 
latter no doubt largely due to the seams being mterbedded 
with thin bands of shale and sandstone. The Tians- 
Caucasian seams are especially affected in this w'ay, as 
much as 33 per cent, ot ash occuiiing in coal which is other- 
wise of good quality and capable of making coke in spite of 
this defect. 

The lignite found in the upper Miocene beds of Italy in 
the province of Pisa is fairly representative of Italian lignites 
generally. It contains 15 per cent, of ash, and 12 pei cent, 
of moisture, but otherwise it is of good quality. 

The lignite of Greece is also of good quality, and is 
used for heatmg boilers, foi the calcination of ores and 
magnesite, and for the production of gas foi illuminating 
pill poses, tKough the lattei is as a rule of a low value. The 
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following analysis of lignites fiom Gieece may be taken as 
repiesentative 



Cai bOM 

Hjdio^'ni 

Nitio^'eu 

'MUphul 

A'^h 

Moi^rnie 

C’oni'iii 

48 86 

• 4 24 

0 65 

2 07 , 

10 40 

10 08 

Oiopos* 

38 09 

4 03 

2 51 

9 21 

19-14 

13 72 

Ain ei ion 

, 40 24 

‘ 3 32 

0 97 

0 64 

7 j9 

18 69 


In Spain many seams of good quality aie worked In the 
Belmez field the coal is suitable for gas and coke manu- 
facture, though as a rule the coals aie tender and make 
laige quantities of small. An analysis of one of the seams 
in this distiict IS as follows . — Caibon 75 00, Volatile mattei 
18 0 Ash 7 0. 

Coal produced m British Colonies is on the whole of 
supeiior quality. In Africa many varieties are worked, all 
of which are suitable foi locomotive or maiine purposes 
when burnt under boilers adapted purposely to suit the 
charactei of the coal. Coal from Ballengeich in Natal, a 
sample of which was shown by the Natal Government at 
the Colonial and Indian Exhibition m London, gave on 
analysis , — 

Moibture Volatile Matter Fixed Carbon Sulpliur Ash 

168 10 84 7132 0 88 15 28 

Coal fiom the Stormberg district tested by the Govern- 
ment chemist m 1891 gave the following analysis . — 

Moisture Volatile Matter. Fixed Caibon Sulphur Ash 

0 66 18 26 51 38 — 30 36 

The coal is of a bituminous nature, burning with a long 
flame. 
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In the Ind\\e oi Cential coalfield, the chief coal seams are 
of consideiable value, the analysis guing — 


Caibon 61 021 

Hvdiogen 028 

Xitiogeii I 

Oxygen \ ' 

Sulphur . . 4^54 

Ash' 30 820 

100 000 

Coke . ... 75260 

In the eastern or Temhuland coalfield an analysib c-f an 
impoitant seam gives the follo\ung propoitions • — 

Fixed caibon ... , 68'51 

Volatile matter ... 9 50 

iloistuie . . . 1*50 

Ash .... 19*70 

Sulphur . . . 0 79 


The analyses of other South Afiiean coals are as follo\^ s — 



' Fived 
Carbon 

\ olatile 
Matter 

A'^n 

MoibLiin' 

■ Snlpliiii 

Biakijan 

Cassel Coal Co 
Middlebuig 

, 63 50 

50 32 
i 5116 

1 

25 05 
, 4193 
36 90 

11 36 

7 75 

8 62 

2 27 

103 

As a lule the 

incombustible 

mattei 

found 

m South 


Ail lean coals is so iiitei mixed with the fuel that great 
difficulty IS expeiienced and consideiable expense meuiied 
in separating them. The coal would be of much gieatcr 
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value and utility but for this fact, though it is likely that 
with more caieful modes of extracting the mineral and the 
introduction of machineiy for more thoroughly prepaiing 
it for the maiket its value would be greatly increased. The 
average selling piice of Natal coal at the mine is about 12s. 
per ton, and of Cape Colony coal 15s. 6d. per ton, the 
former being 22s. or 28s. per ton at the ports of East 
London and Port Elizabeth, and the latter 24s. 6d. per ton 
at East London. 

As a iule Indian coal contains more ash than European 
varieties, and its heating power is lower. The fixed carbon 
is seldom more than 60 per cent., though on the other 
hand some vaiieties are of excellent coking and gas 
qualities. The following table gives analyses of coals fiom 
the main fields : — 



Fixed Oai bon | 

Ash 

Volatile 

Mattel 

Sulphur 

Eaiiigan] (coking) 

59 0 

119 

29 0 

189 

Gindin (coking) 

60 9 

99 

29 0 

0 40 

Jkeiiia (coking) 

56 3 

17 8 

25 7 

0 91 

Singareni 

54 6 

86 

37 1 

128 

Umana 

63 6 

15 9 

20 3 

07 

Mokpam 

50 8 

119 

37 2 

10 

Waioia 

414 

13 5 

45 1 

09 


It has alieady been pointed out (p. 117) that many 
Canadian seams aie equal to the best British steam coals, 
especially those of Nova Scotia. In New Brunswick the 
seams aie bituminous, in Cape Bieton they are of a good 
gas-making quality, m Queen Charlotte Isles bituminous 
and anthracitous seams are woiked. 

Some years ago careful analyses of Canadian coals weie 
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made by Ur. Dawson, of the Grovernment Geological 
Suivey, and otheis. The coals of the Pictou (Nova Scotia) 
district are variable in composition, though chiefly 
bituminous in chaiactei. Two examples are; — 



"Koof Coal." 

“ Top Bonch 

Fixed carbon . 

. 61-95 

51-42 

Volatile matter 

. 25-87 

24-80 

Moisture 

I'To 

1-50 

Ash 

. 10-42 

22-27 


The best coal of this district analysed by Pi of. How 


gave * — 

Fixed carbon .... 66*50 

Volatile mattei . . . 24*28 

Moisture 1*48 

Ash . ... . 7*74 

Sulphur .... '55 


From this variety 8,000 cubic feet of 15 candle-power 
gas was produced. 

Analyses of Cape Breton coals made also by Pi of. How 
were as follows . — 

Fixed carbon ... . 64*59 

Volatile matter . , . 31*87 

Ash B 59 

The seams in this coalfield are generally of excellent 
gas-producing vaiieties, buining with a clean blight fire in 
open grates, and giving off a laige percentage of heat. 
When used*for maime purposes they are found to ignite 
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qmcldy, to raise steam fast, to burn well and clearly, and 
to geneiate steam veiy efficiently 

The best Australian coal is found in New South Wales. 
Here many good varieties of steam, gas and domestic 
coal are found. The Newcastle measuies contain laige 
quantities of coal of all the above-named vaiieties, and 
these are not only used locally for steam-iaismg, household 
purposes, smelting, etc., but are exported in large quantities 
to many ports on the Indian and Pacific oceans. In 
Queensland the coal seams are of bituminous quality and 
are suitable for gas and coke making. To the south of 
Ipswich they are of good steam variety. An anthracite 
seam 11 feet thick is worked on the Dawson Eiver. The 
Barrum coalfield, in which the coal is of good quality, but 
tendei in character, is being rapidly opened out. In 
Victoria lignite occurs of Tertiary age, a bed of 150 feet 
thick being worked. In Western Australia non-coking 
bituminous seams are found in the Collie field in the 
Bailing range of mountains. 

Tyincal examples of New South Wales coals are as 
follows — 



Fixed 

Carbon 

Volatile 

Mattel 

Moisture 

Ash. 

Sulphur 

Greta 

54 41 

39 21 

2 25 

141 


Newcastle 

57 22 

3417 

2 75 

4 64 

122 

Lake Macquarie 

53 88 

3195 

2 31 

11 12 

0 74 

Illawarra - 

61 61 

23 65 

103 

13 17 

0 54 

Mountain 

52 34 

34 18 

195 

10 12 

141 

Southern District 

58 60 

24 87 

196 

14 04 

1 0 53 


Anthracite, as well as good bituminous searas, is found 
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in Tasmania. The following are analyses of Tasmanian 
coals . — 


I Fixtrl Carbon Mo^tnu' A^li 


Sandfly Ranges | 67 00 12 70 | 5 40 14 30 

GardeneCb Bay , 63 50 i 15 70 i 2 90 ' 17 90 

■ I L 

New Zealand coals are generally of excellent quality, 
yielding good coke with a low peicentage of ash. Good 

lignite deposits are also largely worked and form an 

important bianch of the coal-minmg industiy. The 
analyses of some typical New Zealand coals aie as 
follows : — 



Fi\e«i Carliou 

V’oUtil*^ 

Matter 

Moist me 1 

Ash 

Buller 

74 68 

21 51 

2 61 

1-20 

Gieymoutii 

53 03 

4195 

0 99 

3'98 

Baj of Islands 

57 29 

36 00 

4 60 

2 20 

Kaitangata 

46 84 

40 52 

9 20 1 

3 20 

Shag Point 

43 15 

1 33 70 

1 14 40 i 

100 

Whangaiei 

50 01 

i 37 69 ; 

i 9 61 1 

2 69 

Malvern HiUb 

59 90 

26 60 i 

9 40 : 

410 

Gieen Island 

35 70 

1 

1 39 80 

2310 ' 

140 


The rich deposits of coal in China have already been 
referred to. The coal varies greatly in quality. In the 
south-western portion of Noithern China the seams aie 
anthraeitous , in the eastern poition the seams change to 
bituminous. Of eleven varieties examined by F. Leprmce 
Ringuet^ two yielded excellent coke and two were good 
anthiacites, the maximum peicentage of ash being 21 2 and 

’ ‘^Annales des Mines,” 1901, Senes 9, Tol. 19 
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the minimum 5*3. Li Southern China coal of very variable 
quality is worked. Coal of Teitiary locks, which is anthra- 
cite on the coast of Tonkin, is bituminous in China. Its 
pi ice m the Chinese ports is 8s. to 9s. pei ton The semi- 
bituminous coal of Tu-tse h^as a high peicentage of ash but 
is used locally to a large extent. 

The coal of Manchuria is of considerable value. In the 
Liao-yang field different qualities are woiked, langing from 
semi-anthracite to bituminous coking coal, and containing 
from 8 to 12 pei cent, of ash. As a rule the coals aie of 
a soft natuie, large quantities of small being produced in 
working. An average percentage of Manchuiian coals is 
given by Mr, W. A. Mollier^ as follows — 


Fixed carbon 

62-0 

Volatile matter . 

. 2f) 0 

Ash .... 

. 10 0 

Moistuie 

20 

Sulphur 

. Traces. 

Japan possesses many seams of good quality. In the 
south-west anthracite occurs, near Nagasaki. In the 

Island of Takashina bituminous coal 

is largely worked. 

The chief colliery m Japan is at Muke. 
of the best seams at that place gives • — 

An analysis of one 

Fixed carbon 

58 00 per cent. 

Volatile matter 

34-13 

Ash . ... 

7-44 

Moisture 

0-35 

Sulphur 

2 73 


1 “Trans Inst Min Engineeis,” Yol 25, Pait 2 
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USES OP COAL 

The uses to which coal is put are almost innumerable ; 
as a fuel, as a lighting agent, as a means of producing 
energy, its applications are familiar to everyone, but there 
are some purposes which are entirely unknown to the 
majority of readeis. The making of gas, coke, coal tar, 
and other products is now cariied on m this and many 
countries on an extensive scale, and there are some pioduets 
wLich are so unlike the substance from which they are 
derived that their discovery by Perkin and otheis has been 
rightly described as one of the greatest triumphs of modern 
chemistry. 

Coal supplies the motive power of nearly all machinery, 
whether m mills, manufactories, or workshops, as well as 
for marine and locomotive engines. Houses are warmed 
and cities are lighted by coal. Metallic minerals are con- 
centrated and the ores reduced by its agency. Fmally, 
by the distillation of coal the scientist has evolved a series 
of beautiful dyes, delicious flavours and fragiant scents, 
such as saccharin, essences for flavouring jellies and jams, 
heliotrope and other scents, vanilla, and essence of 
almonds, as -well as violent explosives, powerful drugs, and 
effective antiseptics or disinfectants 

A recent writer has pictuied an imaginary person as 
follows — 7ou rise in the moining and perform your 
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ablutions by the aid of coal tar soap, brush your teeth with 
soot 01 some caibonised tooth pow^der, you drive away head- 
ache with a dose of antipyiin, obtained from coal tar ; you put 
on a mauve cravat, and a pair of yellow gloves each coloured 
by aniline dyes ; you sit dowm to a bieabfast table w’here the 
cakes are flavouied with pine-apple essence secured from 
coal tar, and the bread is of a pure white coloui owing to a 
careful introduction. The raspberry jam, too, frequently es 
its colour and flavoui to mateiials got from coal tar The 
knives, also, that are used, and the plates on the table, if not 
actually made of coal, are at least manufactured by its aid 

You pioceed to the office by tiain or tiam drawn by 
mechanical power, and as you disappear from sight, wave 
a tuikey red handkerchief delicately scented with essence 
of heliotrope. Both essence and colour are procured from 
the coal tar stores. During the day you walk on asphalt 
pavements and heed not their treasures , the office ink is 
coloured red or blue by an aniline dye. Feeling perhaps 
faint, you are revived by a sniff of ammoniacal smellmg 
salts ; and as the summer is coming on youi straw hat is sent 
to the cleaners to be bleached by sulphurous acids. If it 
should ram you protect yourself with a mackintosh coat, the 
india-rubber of which was dissolved in carbon disulphide. 

You return home at night and require artificial light, 
wffiich is supplied by coal gas, or it may be by paraffin 
candles — these beautifully white or coloured paraffin candles 
are also obtained fiom coal tar. If you are an invalily 
possibly the doctor has ordered that, instead of sugar, you 
should use saccharin, obtained from coal tar, to sweeten 
your tea, and the family is often regaled with sweets made 
of vanilla or essence of almonds, also products erf coal tar. 
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Theie^ Laidly a thing that a man can namo 
Of use oi beauty in life’s ‘^mall game 
But ^011 can extiact in alembic or lai 
Fiom the ‘ physical ba^^is ” of black coal tai , 

Oil and ointment and wax and wine 

And the lovely coloius called aniline 

A"ou can make anything fioin a sahe to a 

If you only know how, tiom black coal t ii ' ” — Pmif h 

It is difficult to propoitionate the classes of woik to 
^^hlch coal is put, but the table, the 

consumption of coal in the United Kingdom, is an average 
estimate for the last years 

1 Goal foi the generation of powei in indubtiies — 

Tons 

Eailways 12,000,000 to 14,000 000 

Coasting steamers. 6 000,000 to 8,000,000 
Collieiies . . 11,000,000 to 12,000,000 

Faetoiies . . 89 000,000 to 41,000,000 

^,000"^ 

2. Coal for the geneiation of heat in industries — 

Blast furnaces . 17,000,000 to 19,000,000 
Steel and malleable 

iion\^orks . 11,000,000 to 13,000,000 

Other metallur- 
gical works . 1,000,000 to 2,000,000 

Chemical woiks, 
potteiies and 

glass woiks 4,000,000 to 6,000.000 

Gas woiks . 15,000,000 to 16,000,000 

~T6,ooo,"ooo 

8 Coal for domestic pui poses 35,000,000 

166,000,000 
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Thus the percentages of the main applications of coal are 
as follows : — 


Hallways 

8-19 

Coasting steamers .... 

4-81 

Gollieiies . . ^ - 

7-22 

Factoiies 

24 07 

Blast furnaces 

11-44 

Steel and malleable iron works 

7*85 

Other metallurgical woiks . 

1 20 

Chemical woiks, potteries, glass 


woiks 

3 61 

Gas works 

9 63 

Domestic 

21-08 


100 


In order to illustrate the manifold capabilities of coal 
both chemically and mechanically, a few simple figures 
may be given. It is estimated that a cubic foot of certain 
varieties of bituminous coals yields : — 

7 cubic feet of gas (occluded gas of mine). 

350 cubic feet of coal gas (on distillation). 

54 lbs. of coke, 
or 

26 lbs. of volatile matter (10 lbs. of which is coal gas) 

54 lbs. of coke. 

80 lbs. 

If steam and air aie passed over the coke thus deiived 
in producer gas retorts, the following result is obtained : — 
From 54 lbs. of coke, 4,122 cubic feet of producer gas 
(One ton of coke, 90 pei cent carbon, yifiVls 171.000 
cubic feet of producer gas.) 
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From the coke also, acetylene gas may be made by 
fusing the coke with lime m an electric furnace. By this 
means calcium carbide (CaC 2 ) is formed When water 
is added to this compound, acetylene gas is produced 
together with pure lime Thus . — 

CaCa + H^O = CaOOs + 6 GH 2 . 

In addition to coke and house gas, the following, as 
already shown, aie also obtained from the distillation of 
coal, VIZ. : — Water, coal tar, ammoniacal liquor and 
sulphur. 

Coal Tar, — This is the thick, black, ojiaque liquid which 
condenses m the pipes leading from the distilling chamber, 
fiom which are obtained the following useful substances — 
lsi5 light oil, 2nd light oil, heavy oil, green oil, jpitch. 

Ammoniacal Liqtiou — By the addition of lime and acids, 
the following are deiived from ammoniacal liquor . — Plaster 
oj Pans, smelling salts, sal ammoniac. 

From the heavy oil of the coal tar carholic acid is 
derived, but it is from the 2 nd light oil that the most 
valuable bye-products are obtained. 

2nd Light Oil. — This gives henzme,toluine, xylene, aitiflcial 
turpentine oil, burning oils. From the benzine are derived 
(with nitiic-acid) nitro-henzme fioni the latter (with non 
filings and acetic acid) aniline. It is fiom this product by 
means of various agents that the various aniline dyes are 
obtained, the recovery of which now forms such an 
important industry in this countiy and, more especially, in 
Germany. 

SblectioI^ for Certain Purposes. — It may be said that 
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those coals are generally most suitable for steam mumg 
pio poses which have the highest peicentage of caibon and 
possess, therefore, a higher heating capacity This is only 
in case the conditions of grate, di aught and mode of 
chaigingare properly suited to the fuel. It is clear that it 
would be useless to compare the different kinds of coal 
under the same conditions. 

For domestic puiposes two qualities are essential : (1) the 
coal should be clean, i.e,, fiee fiom dnt or ash; (2) it 
should be capable of giving a maximum amount of heat 
and light with the least amount of draught that may be 
supplied. It IS also necessary that the coal should not 
burn away too lapidly even in a strong draught, as it is 
difficult to keep the temperatuie of a loom constant with a 
rapidly burning fuel, and at the same time it is incon- 
venient and expensive to maintain. The chief coals used 
foL domestic purposes aie the semi-bituminous and bitu- 
minous varieties, such as the Rhondda of South Wales, the 
Atley and Tienchetbone of Lancashiie, etc. These aie long 
flame coals, containing highei percentages of hydrogen and 
volatile matter than anthracite and igniting readily. They 
produce the warm, cheery effect which is of such great value 
ill open grate combustion, while the smaller screenings, of 
semi-bituminous coals especially, are usually in demand for 
cooking purposes. Although anthracite is not laigely used 
foi household puiposes in these islands, a large quantity of 
the Welsh anthiacites — shipped to France and Germany — 
IS used in the open house giates of those countries. 
Anthiacite is carefully prepaied before shipping for this 
purpose. It IS passed thiough breaking machines, and then 
classified according to the various sizes procluced, from 
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cobbles to French, Pans and G-erman nuts, as they are 
termed The smaller sizes are utilised for the manufacture 
of briquettes or patent fuel {see p 241), and afterwaids 
shipped m this foim either for domestic or other pur- 
poses 

For locomotives semi-bitummous coals {see p. 137) aie 
most suitable, as they produce great heat m comparison to 
their bulk- and, as the storage is restricted, this is an 
essential feature. It is clear also that a locomotive is not 
suited to burn coals which give off a large amount of smoke 
as, not only is the space too valuable for the accommodation 
of coal, a portion of which is destined to waste itself in the 
air, but it is also inconvenient to equip locomotives with 
smoke- consuming apparatus Again, there is always the 
necessity for a high rate of combustion {see Chap. XII ) and 
a strong draught in locomotives, and bituminous coals are 
not suitable for such treatment, while, on the other hand, 
semi-bitummous coals are capable of giving a great 
amount of heat with a minimum quantity of smoke, and 
have the further advantage of burning so completely that 
soot IS not deposited on the boiler tubes, a drawback which 
is inseparable from the lower grade coals. Semi-bitu- 
mmous coals also ignite more readily than anthracitous 
coals {see Chap. VIII.), and it is thus easier to keep the heat 
constant. 

Marine Purposes . — There aie so many types of boilers 
used on steamships that it is difficult to define the most 
suitable coal for marine purposes, but m any case it is 
necessary, owing to lack of accommodation, that coals of 
high heating power should be used. As a general rule 
laige sea-goiiig vessels aie constructed either (a) of sufficient 
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capacity to carry large quantities of coal, so as to accomplish 
the voyage in the shoitest time possible, or (b) of smaller 
capacity and cariying less coal, but equipped, in other 
lespects, for a voyage of longer duration. In either of 
these two cases it is evident that the coal used must have 
maximum heating power so as to avoid waste of valuable 
sj)ace on board ship or at dock oi wharf side. 

In ordinaiy steam navigation the semi-bitunynous and 
higher caloiific varieties of bituminous coals are used such 
as the Buffi yn, Rhondda, Merthyr and others of South 
Wales; the Silkstone and Bmnsley Bed of Yorkshire, and 
the Wigan, Pembeiton and Hindley and other seams of 
Lancashire, etc. They include both the nearly smokeless 
and long flame varieties. For naval purposes the diy or 
smokeless ” steam coals which possess a slightly lower 
carbon peieentage and a higher hydrogen percentage than 
the true anthracites are chiefly used viz , Nixon's Merthyr, 
Neath, Aherdare Merthyi , etc. 

Iron and Steel Manufacture. — Duiing recent yeais great 
attention has been given to the determination of the most 
suitable qualities and sizes of fuels for the various processes 
of iron and steel manufactuie. It is not sufficient that the 
coal should be of the right quality and heating power and 
free fiom sulphur and phosphorus, but it is also necessary 
that it should be sized and cleaned thoioughly and should 
possess certam physical and chemical propeities which will 
enable it to serve as a proper reducing or heating agent 
For metallurgical purposes the chief coals used are 
the short flame bituminous or cokmg coals and the 
true bituminous coals, such as the Nantyglo and Blama, 
the Hafod, The Rhondda No. 2, etc , of S(fhth Wales, 
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and many other seams in all parts of the British 
coalfields 

Coke (see p. 24:0) is also largely used for the manu- 
facture of lion and for other metallurgical puiposes, 
producing a gieat heat and geneially being free fiom 
sulphur and phosphorus. When used for these pro- 
cesses it should be firm, tough and light, and should 
have not ^ more than 1 per cent, of sulphur. For 
blast-furnace purposes dense coke is not so good as 
those varieties possessing large cell structure and haid 
cell walls 

Gas — It was considered at one time that bituminous coal 
was the only variety suitable for gas-making purposes, but 
there are now such excellent processes and elaborate plant 
available for this industry that various classes of coal can 
be treated with advantage, each of which has some distinct 
use in gas production for which it can be employed It is 
found that those coals which are not lich in the elements 
necessary for the production of illuminating gas may be 
suitable nevertheless for producing gas for heating purposes 
01 for the driving of gas engines. On the other hand, many 
coals considered to be useless in gas making for illuminating 
jiui poses may yield large quantities of good coke. The 
improved plant and excellent methods referred to now make 
it possible to obtain in one form or another the whole of the 
useful elements which coal contains, either m the form of 
illuminating gas, heatmg or 'powe'i gas, coal tar and ammoni- 
acal hquoi j)i oclncts, or coke. It is clear, therefore, that it is 
impossible to give the essential qualifications of a gas coal, 
as most of the various classes of fuel can be utilised with 
advantage. ^ 
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The followiDg gases aie got fiom coal, or by its 
agency. (1) Coal gas, (2) iLatei gas, (3) yioducei gas, 
(4) pouer gas. 

Coal gas, also called natuial or town gas, is pioduced by 
the distillation of coal out of contact ^ith the air It is 
composed of the following elements oi compounds, but not 
always in the proportions named : — 


Carburetted Hjdiogen 

CHi 

Per c^at 

40 

H} drogen 

H, . 

30 to 35 

Carbon Monoxide . 

CO . 

6 „ 8 

Caibon Dioxide 

CO 2 . 

3 „ 4 

Oxygen . 

O 2 . 

3 „ 5 

Nitrogen 

Ns . 

7 „ 8 


Wate] qas is pioduced by passing steam thiougL incan- 
descent fuel (coal or coke), and consists usually of — 


Caibon Monoxide 
Hydrogen . 

Carbon Dioxide 

Nitiogen 

Methane 

And traces of other gases. 


40 per cent. 
50 „ 


This gas is not suitable for illuminating purposes unless 
used with incandescent mantles, etc. It requires about half 
as much air as coal gas for its combustion, its caloiific 
power being also about one half that of coal gas. 

Produce) gas. — The first or oiigmal foim of producer gas 
was known as Siemens'. This is obtained by passing a 
limited supply of air over or thiough incandescelit fuel. 
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Potver gas is produced by passing quantities of an and 
steam through incandescent fuel The gases produced by 
the two last named piocesses are somewhat similar and 
consist of caibon monoxide The latter is used foi power 
and heating purposes, while Siemens’ gas is used chiefly 
foi heating furnaces. 



CHAPTEE XII. 


THE PRODUCTION OF HEAT FROM COAL. 

It is well known that the chief value of coa^ lies in its 
use as a fuel, and by far the greatei portion of the coal 
obtained is employed for this piiipose {see p. 169). 

A fuel may be defined as a substance, which when ignited, 
combines leadily with oxygen ; or, in ordinary language, 
burns and evolves a large quantity of heat duiing the pro- 
cess, The heat so obtained is made use of for a gieat many 
diffeient purposes which may be divided into . 

Domestic uses, 

Industiial processes, 

Production of power. 

A number of these have already been leferied to, and in 
this chapter the theory of the pioduction of heat from coal 
will be considered, and its application to the production of 
power will be discussed. 

The value of coal as a fuel depends mainly on the amount 
of heat which can be obtained from a given weight of it. 
This varies in different coals. The measuie of this heat is 
spoken of as the Galoiific Value of the coal, and as a^mle it 
may be said the higher the calorific value, the higher will 
be its commercial value 

The calorific value of a coal, oi the Calonfic Fowei as it is 
also called, is the number of heat units available in one 
pound of the coal There aie two piincipal systems of heat 
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units in which quantities of heat are measuied. In the 
fiist system, which is the one most geneially adopted by 
engineers in this country, the heat unit depends on British 
standards of weight and temperature, and is called the 
Biitish Thermal Unit, commonly written BTh.U. (both in 
the singular and plural). 

1 B Th.U. represents the amount of heat required to raise 
the tempe3?ature of 1 lb. of water through P F. It has been 
established by physical science that, to a very high degree 
of accuracy, the amount of heat required to raise 1 lb. of 
water 1° F is one- tenth of that requiied to raise it 10° F. 
and of that required to raise it 135^ F and so on; 
^.c., that the beat requiied is proportional to the rise of 
temperatuie pioduced. It is also pioportional to the weight 
of w^ater heated, twice as much being required to raise 2 lbs. 
one degree m temperatuie as is requiied to raise 1 lb- one 
degree, so that to laise the temperature of 27 lbs of watei 
119° F. requires 3,213 (= 27 X 119) times as much heat as 
that necessaiy to raise 1 lb. 1° F , or in other words it 
lequires 3,213 B.Th.U The rule foi finding the number of 
B.Th.U. necessary to heat up a certain weight of water fiom 
one temperature to another is therefore to multiply the 
weight of water in pounds by the diffeience in the two 
temperatures measuied in degrees Fahienheit, the pioduct 
being the number of B.Th U. required. In the second 
systern, which is the one used on the Continent, and which 
IS also universally adopted for puiely scientific work, the 
heat unit depends on the metric standards of weight and 
temperatures and is called a Calorie. 1 caloiie = the 
amount of heat required to raise the temperatuie of 1 kilo- 
giam ot water through 1° C. 

• N 2 
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As in the case of the BTh.U., the heat, measured in 
caloiies, required to raise the temperature of any given 
weight of water from one temperature to another is found 
by multiplying the weight of water in kilogrammes by the 
difference in the two temperatures measured in degrees 
Centigrade 

1 Calorie = 8 968 B.Th.U. 

1 B.Th.U. = 0 252 Calories. 

A third unit which is made use of in connection with 
the heating of boilers is called an Eiaporation Unit, and is 
very much larger than the B.ThU. It will be referred to 
later. 

The calorific value of a fuel, as already stated, is the 
number of heat units available in 1 lb. of the fuel. That is 
to say, the calorific value of a fuel m B.Th.U. or calories is 
the measurement m one or other system of units, of the 
whole of the heat set free when 1 lb. of the fuel is com- 
pletely burnt and the products of combustion (the gas 
given off and the ash left behind) allowed to cool down 
to the same temperature as the fuel had before ignition. 
Since a fuel which has a high calorific value should be 
more valuable than one having a lower, for more heat can 
be obtained from every ton of it, it is important to those 
who use coal as a fuel to know its calorific value as accu- 
rately as possible. 

An instrument for measuring quantities of heat is called 
a Calorimeter , and calorimeters of special design have been 
devised for measurmg the quantities of heat set free by 
combustion of fuel, or in other words for determining their 
calorific value. 

One of these will be described later, but before doing so 
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it IS necessaiy to give some account of the chemistiy of coal 
and the theory of its combustion. 

Chemists classify all known substances either as elements 
or compounds, compounds being those substances which 
can by chemical action or by the action of physical eneigy 
(heat, light or electricity) be shown to be a combination 
of two or more simpler substances which in their turn can- 
not, so fav as IS known to science, be fuither split up, and 
these latter simple substances are called elements. 

Coal is a compound, but a very complicated one ; in fact 
each variety of coal is really a different compound, and the 
composition of coal may be better understood if it is regarded 
as a combination of a number of elements and compounds 
existing in different pi oportions in different varieties of coal, 
some of them being present always and some of them only 
occasionally. 

The pimcipal element contained in coal, as has been 
shown, IS carbon. The other elements aie hydiogen, 
oxygen, nitrogen, sulphur and certain otheis, principally 
aluminium, silicon and iron, which remain behind after 
combustion, in the form of ash. 

Exactly what compounds formed by the giouping of 
these elements actually exist in coal is a mattei which 
has not yet been definitely determined and need not be 
considered here. Some of the hydrogen and oxygen is 
preseftit, combined, m the form of moisture, and does not 
really foim part of the coal although it has a ceitam effect 
on its value as a fuel. 

When coal burns, most of the elements combine to foim 
compounds with the oxygen m the air and are given off in 
gaseous fortn. Those which do not combine with oxygen 
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01 ' 'whieli foim a solid compound remam behind as ash. It 
is found that m the combustion of coal, the oxygen of the 
an alone enters into combination with it, and so far as is 
known the nitrogen of the air has little or no effect on 
the composition of the products of combustion. 

In determining the calorific value of a coal therefore, the 
combustion may be made either with air or with oxygen 
only. The oxygen in some cases is supplied tq. the coal 
direct m its gaseous state, and in others is obtained by 
means of an oxygen mixture; i.c., a mixture of chemical 
compounds containing oxygen which readily gives up its 
oxygen to the coal on being ignited. The combustion is 
arranged to take place in a vessel surrounded by water, 
which absorbs the heat set free during combustion, and 
from a measurement of the rise of tempeiature of this water 
the caloiific value of the coal can be obtained. 

Mahler Bomb Calorimeter , — Probably the most accurate 
form of calorimeter is the Mahlei Bomb Calorimeter In 
this the coal to be tested is placed inside a strong closed 
vessel or bomb, usually made of steel and lined with 
platmum or gold, metals which are unaffected by oxygen or 
the products of combustion. Oxygen undei pressure is forced 
into the vessel, and the coal being ignited by electiical means, 
combustion takes place, and the heat generated is absorbed 
by the water in a vessel surrounding the bomb. During 
and after combustion the piessure inside the bomb#' may 
become very great, this being the leason for employing a 
strong vessel in which to carry out the combustion. 

In Pig. 24 A IS the bomb in which the coal is burnt B is a 
small tray to contain the coal under test. It is supported 
by a lod, shown on the left, from the top of the bomb The 
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top C can be removed from the bomb for the purpose of 
filling the tray, and is provided with a suitable joint so that 
when clamfied on the body of the bomb the interior is 


24 — ^Slalilei Bomb Calorimetei 



1S4 


COAIj 


heimetically sealed. Attached to this top is a pi ejecting pipe 
or nozzle D to which a flexible tube can be fixed foi connecting 
the bomb with the oxygen cylindei N f i om which it is filled 
Tins cylinder contains oxygen under very great pressure 
and IS similai to those used in connection with the limelight 
lantern. The nozzle D is provided with a valve oi stopcock 
F, of suitable design. Within the tray B, a coil of platinum 
wire Gj for igniting the coal, is suspended, one ^end being 
fixed to the rod supporting the tray, the other end being 
brought up to the top of the bomb and taken through it in 
an insulating tube T. This end and the top of the bomb 
are piovided wuth teiminals and are connected to the 
battery 0, through a switch R The tube T, and the wire 
passing thiough it are fitted so as to be an-tight m order 
that no leakage may take place when there is pressure 
inside the bomb. The bomb is provided with feet, and 
stands inside the tank JET, which is usually of copper, 
and is filled with water to a mark near the top. It 
is to this water that the heat of combustion is given, 
and from the obseived rise in its tempeiatuie shown on 
the theimometer J, the calculation of the heat given up 
is made. 

The tank H stands inside another tank If, which is 
provided with double walls, and is covered outside with felt 
or some other non-conductor of heat, L. The intenoi of K 
is filled with watei. There is an air space between the 
vessels H and K, which selves to prevent, as far as possible, 
loss of heat fiom the outer surface of the tank H, as this 
means a loss of some of the heat of combustion, causing an 
erroi in its measurement. The tank H stands on small 
blocks of wood or other heat msulatmg mateiial. An 




A Cl ur iblo m which combustion tabes 
place 

B Base for supporting crucible and air- 
vessel 

0 Clips for holding air- vessel in posi- 
tion 

D Air-vessel covering ciucible and keep 
mg it dry 


E Pipe communicating between air- 
vessel and outei air 
P Stopcock which when opened allows 
watei to fill D 

G Beaker containing Avater through 
winch gases produced by combus- 
tion bubble and so give up their 
heat 


Fig 25 — Lewis Thompson calorimetei 
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arrangemenfe for stiiring the water in H is piovided (not 
shown in the illiistiation), and by its means the temperature 
IS kept uniform throughout the mass of water. 

The method of using the caloiimeter is as follows • — 

The sample of coal to be tested is broken up into a fine 
powder and very accurately* w’eighed. The tray with the 
top G, IS then removed from the bomb and the powdered 
coal placed in the tray. The tray and top aie ijjien care- 
fully replaced and the top screwed or clamped tight so that 
the joint is properly made. 

The oxygen cylinder N is next connected to the bomb, 
the stopcock on the bomb opened full, and that on the 
cylinder shghtly. Oxygen flows from the cylmder to the 
bomb, and the pressure inside the latter rises, and can be 
read on the pressure gauge, P The pressure to which it 
must be allowed to rise is calculated beforehand as follows . — 
The weight of coal to be burnt is known, and from it the 
weight of oxygen necessary for its combustion can be 
calculated. In older to ensure that the combustion shall 
be complete an amount of oxygen is admitted consider- 
ably in excess of that theoretically necessary. Having 
decided what quantity of oxygen is to be admitted, the 
capacity of the bomb, if not already known, must be 
determined by measuimg the amount of water necessary 
to fill it Knowing the weight of oxygen, the pressure 
at which this quantity will just occupy a volume ^qual 
to the capacity of the bomb must then be calculated, or 
obtained from tables. This is the pressure to which the 
oxygen is allowed to rise when flowing into the bomb from 
the cylinder N. 

When a sufficient quantity of oxygen has flow^ from the 
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cylinder into the bomb to bring the piessuie up to the 
predetermined value the stopcock N is closed and the 
pressure at P observed This will be lower than before 
the-* stopcock was closed. If it agrees with the xDressure 
required, the stopcock on the bomb is closed, the watei in 
H IS stined for several minutes, and the temperature read 
off on the thermometer. The switch R is then closed and 
a current jiows through the platinum wire G, heating it to 
redness and igniting the coal, which burns away very 
rapidly: m fact the combustion is instantaneous This 
instantaneous combustion is really the reason why oxygen 
IS used instead of air, as with air the combustion would be 
impossible foi some coals, and very slow in the case of 
others For the experiment to be accurate, it is necessary 
to pi event heat escaping fiom the water in the tank, and 
this can only be done by making the duiation of the 
experiment as short as possible. After combustion has 
started the current is switched off and the water kept stirred 
for some minutes. 

Headings are taken every few seconds on the thermometer 
which rises rapidly at first and then more gradually, till 
finally it ceases to rise any further. This last temperature 
is noted, and the difference between it and that at the 
moment of igniting the coal gives the use of temperatuie 
of the water. This rise of temperature multiplied by the 
weight of water gives the number of heat units taken up by 
the water from the bomb, but this alone does not represent the 
whole of the heat due to combustion from the coal. The 
bomb itself and the tank H have also had their temperature 
raised to the same degree as the water and have consequently 
absorbed sbme of the heat of combustion. To obtain, 
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therefore, the total amount of heat given off during 
combustion, the following method is employed — 

The calorific value of certain substances such as naphtha- 
lene and pure carbon (obtained from sugar) are known to a 
very high degree of accuracy. A weighed quantity of one 
of these substances is previously burnt in the bomb and the 
temperature rise due to its combustion measured with 
exactly the same quantity of water and in the sajne way as 
for the coal. Now the heat units given off by the burning 
of the substance are a known quantity, and by dividing them 
by the observed lise of temperature the number of heat units 
necessary to raise the temperature of the bomb, the water 
and the tank H, with the thermometer and stirrer, through 
1 degree, are obtained. The quantity so obtained is 
called the heat equivalent of the calorimeter 

The lise of temperature produced by combustion of the 
coal is measured, and this multiplied by the heat equivalent 
of the calorimeter will give the total units of heat produced 
by the combustion. As the weight of coal is known, the 
heat units per lb or calorific value can be easily calculated. 
There are some small corrections to be made for the heat 
which is lost by radiation and conduction from the outside 
surface of the tank iJ. These heat losses depend on the 
difference between the temperature of the tank H and its 
surroundings. The water jacket tank K serves to keep the 
surrounding tempeiature constant, so that the cooling 
depends only on the tempeiature of the inner tank H, and 
by observing this every few seconds and noting the intervals 
between each leading, it is possible to calculate with 
considerable accuracy the heat lost from the surface of the 
inner tank durmg the whole of the experiment • 
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The bomb calorimeter is the most accurate for the 


deteimination of caloiific 
values, and measuieiuents 
taken by it aie taken as 
standard, but it has ceitain 
disadvantages which pre- 
clude its use for practical 
coal testing. Its cost is very 
high, as the paits are expen- 
sive to manufacture, and it is 
necessary foi the interior of 
the bomb to be plated with 
gold 01 platinum. The 
necessity of having a supply 
of compressed oxygen is 
also a consideiable dis- 
advantage. 

To get over these difficul- 
ties a number of simpler and 
less expensive calorimeters 
have been devised, a great 
many of which, however, are 
far from accurate and there- 
fore of little leal value. They 
nearly all employ an oxygen 
mixttire instead of oxygen 
gas. The best known of 
these is probably the Lewis 
Thompson calorimeter. One 
of more recent design which 



A Combustion chamber 
B Pipe down which piece of led hot 
wire IS dropped to start ignition 
C Stoxiper 

D TaiiK containing water to which 
heat of combustion is gn en up 
B Outei vebsel to prevent cooling 
ol D 
F Still ei 
O Theiraometer 
H Lid of calonmete: 

Fig 26 — Pair calorimeter, as designed 
by Ml EC Wild, F I C 


gives very*good results is the Parr calorimeter. 
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There is another method of determining the calorific 
value of coals v’hich difleis from the calorimetei method, as 
it is indirect. The coal in this ease is carefully analysed, 
and from its chemical composition the caloiific value can 
be piedicted by calculation with a fair degree of accuracy. 

To explain this method ft is necessary first to give some 
further account of the chemical composition of coal and the 
way in which this affects the heat generated by ccynbustion. 

A brief outline of the chemical theorynecessary to under- 
stand combustion is all that will be attempted here. For a 
proper treatment of this subject the reader is referred to 
the standard works on chemistry. 

It has been proved, and is one of the piinciples of 
chemical science, that the same compound always contains 
the same elements combined in a certain fixed proportion 
by weight. For example pure water which is a compound 
of the two gases hydrogen and oxygen always contains these 
elements in the fixed proportions of 1 to 8.^ Another 
compound, carbonic acid gas, which is the chief product 
formed in the combustion of coal, consists of the elements 
carbon and oxygen always m the proportion of 3 to 8. 
Hydrochloric acid contains hydrogen and chlorine always 
in the proportion of 1 to 35*37 ; and so on. 

From the proportions by weight of the constituent 
elements of a large number of compounds which have been 
analysed it is found that there is a further law govefnmg 
the proportions in which the same element combines in 
different compounds containing it. This law, known as 
Dalton’s Law, is that a distinctive number or weight can 

1 To be more accmate the propoition is 1 to 7 98, but tbis does not 
affect the piinciple now being illustiated 
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be given to each element, and this distinctive number is 
such that in any compound consisting of two or more 
elements the proportion by weight of each element will be 
equal to its distinctive number or a multiple of its distinctive 
number. 

Thus the distinctive number for Carbon is 12^ and for 
Oxygen 16. They combine in the proportion of 12 to 16 to 
form Carbonic Oxide and in the proportion of 12 to 32 
(= 16 X 2) to form Caibonie Acid. 

The distinctive numbei foi hydrogen is 1. Hydrogen 
combines with oxygen in the proportion of 1 to 16 to form 
the compound hydrogen peroxide and in the proportion of 
2 (= 1 X 2) to 16 to form water. 

Caibon combines with hydrogen in the proportion of 
12 to 1 to form Acetylene Gas, in the proportion of 12 to 4 
(=1x4) to form Ma^sh Gas, and also in the proportion of 
12 to various multiples of 1 to form a number of compounds 
with hydrogen known under the general name otHydio- 
Ca)hons, From a consideration of this principle of com- 
bination in multiple proportion, as it is called, Dalton 
deduced his Atomic Tlieoi y, and the distinctive number 
of each element he called its atomic weight. 

This theory, briefly stated, consideis all substances, 
whether solids, liquids, or gases, as made up of an innumer- 
able collection of small particles to which the name 
Moletidcs IS given. These molecules consist of one or 
more particles called atoms. In some elements the 
molecule consists of a single atom, in otheis of two atoms, 
and in some otheis of four atoms. The molecules of any 

^ These figuies aie given in round numbei s , more accuiately they 
aie, foi caibon 11 97, oxygen lo 96 
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one element all contain the same number of atoms. In a 
compound the molecule consists of a group of atoms, and 
in this gxoup theie is present one or moie atoms of each of 
the elements of which the comiiound consists. All the 
molecules of any one compound consist of exactly similar 
groups of atoms. The atoms of any one element all have 
the same weight, but the weights are different for different 
elements and are proportional to the distinctive^ numbers 
mentioned above. The weight of the atom of hydrogen is 
taken as a unit of weight, and the weights of all the other 
elements measured in this system of units will be equal to 
the distinctive numbers, hence the term Atomic Weight- 

The chemical action of one substance upon anothei is 
explained by regarding it as an interchange or parting com- 
pany of atoms in the molecules of the two substances , and 
although the recent researches of science tend to show that 
this theoiy is not the ultimate explanation of chemical action 
and the composition of matter, it nevertheless serves to 
express and to make intelligible the laws of chemical action. 

When two chemical substances combine very readily with 
one another heat is given out during the process of com- 
bination. Fuels are those substances which combine so 
readily with oxygen that the heat given out is sufficient to 
laise the fuel to a state of incandescence. The amount of 
heat set fiee is found to be the same whenever given 
weights of the same two substances combme, provided^they 
always produce the same resultant compound after com- 
bination. What IS true for chemical action in general 
applies of course to combinations of different elements with 
oxygen. When carbon burns freely so that combustion is 
complete CO 2 is formed, ?.e., 12 lbs. of carbon cotnbine with 
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32 lbs. of oxygen, and it is found that the same number of 
heat units are always set free by the burning of every pound 
of carbon to form carbon dioxide. This heat amounts to 
14,500 B.Th.U. When hydrogen burns H 2 O is foimed, 
%.e., 2 lbs. of hydrogen combine with 16 lbs. of oxygen (or 
1 lb. with 8 lbs.), and it is found that the burning of 1 lb. 
of hydrogen always produces 62,000 B.Th.TJ. Caibon 
may be burned in such a way that carbonic oxide (CO) is 
formed and the combustion is then said to be incomplete, 
for the CO can itself be burnt, with the result that CO 2 is 
formed and further heat given out. 

In the burning of 12 lbs. of carbon, 12 + 16 = 28 lbs. of 
CO are formed, 1 lb. of carbon pioduces 2^ lbs. of CO, 
and 4,450 B.Th.U. aie set fiee in this incomplete combus- 
tion of 1 lb. of caibon. It is further found that if the 
2^ lbs. of CO are now burnt to CO 2 10,050 B.Th.U. are 
set free, and it will be seen that the sum of the heat set 
fiee in the two stages of combustion to CO 2 (4,450 + 10,050) 
IS equal to that set free when the combustion is carried out 
in a single stage (14,500). 

It IS possible by electrical means to split up water 
(H 2 O) into oxygen and hydrogen again, and it is found that 
the electrical energy which has to be supplied in older to 
split up 9 lbs. of water is the exact equivalent of the 
amount of heat given out when 1 lb. of hydrogen is burnt 
to 9 lbs. of water. In the case of compounds combining 
with oxygen, the result of combustion is often to produce 
two other compounds instead of one. Thus, when a 
hydro-caibon such as marsh gas (CH 4 ) burns, the caibon 
and hydrogen part company and each combines with oxygen 
forming CO 2 ?ind H 2 O 


c. 


o 
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In 16 lbs. CH4 there are 12 lbs. of carbon combined with 
4 lbs. of hydrogen ; so that 1 lb. of CII4 contains | lb of 
C and J Ib. of H. When theiefoie 1 lb. of CH4 burns, | lb. 
of C aie burnt to CO2 and J lb. of H to H2O. 

Three-quarters of a lb. of 0 burning to CO2 produces 
10,875 (= I X 14,500) B*Th.U., i lb. H burning to H2O 
produces 15,500 (= J X 62,000) B.Th.U., and it is 
assumed that 1 lb. of CH4 in burning produces nearly 
10,875 + 15,500 = 26,375 B.Th.U. The actual heat must 
be less than this because some heat must be absorbed 
in paiting the carbon from the hydrogen with which it is 
combmed. In calculating the calorific value of coal con- 
taining carbon and hydrogen it is usual to take the sum of 
the two heats of combustion as representing the actual 
heat and afterwards to make a correction which varies with 
the composition of the coal. 

The general principle underlying the method of calculat- 
ing the calorific value from analysis is best explained by 
taking an actual example. 

A coal is found on analysis to have the following com- 
position after drying * — 


Carbon 

80*07 per cent, or *8007 lb. in 1 lb. of coal. 

Hydrogen 

5-53 „ 

„ 0553 „ „ 

9 } 

Oxygen 

8-08 „ 

„ ’0808 „ „ 

99 

Nitrogen 

2-12 „ 

-0212 „ 


Sulphur 

1-50 „ 

„ -0150 „ 

99 

Ash 

2 70 „ 

-0270 „ 

99 

The carbon is taken first, and as there are 

•8007 lb. 


present the combustion of it will produce *8007 X 14,500 = 
11,610 B.Th U. Hydrogen and oxygen are^ taken next, 
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and it is assumed that all of the oxygen is already com- 
bined with hydrogen to foim H 2 O. The reason for this is 
that the tendency for hydiogen to combine with oxygen is 
very much greater than that of any of the other elements 
present as might he inferred from its great heat of com- 
bustion as given above. So that in the sample taken there 
must be X *0808 =: ‘01011b. of hydrogen already combined 
with oxygen- No heat is therefore available fiom this portion 
of the hydrogen, and account is only taken of the remainder, 
i e., of *0553 — *0101 = *0452 lb. of hydrogen. The heat 
of combustion due to this will be 62,000 X *0452 = 2,802 
B.Th U. 

Nitrogen does not combine with oxygen during combus- 
tion of the coal so that no heat is derived from it, but as it 
IS assumed to be in combination with one or more of the 
other elements in the coal, an allowance should be made 
for the heat absorbed in freeing it fiom combination 

The sulphur is assumed to burn to SO 2 , and its calorific 
value IS 4,000. The weight of sulphur being 0150 lb. the 
heat due to its combustion will be *0150 X 4,000 = 60 
B.Th.U. 

The ash is incombustible, and therefore considered as 
producing no heat. The total heat set free by the combus- 
tion of 1 lb. of the coal should be as follows : — 


.From Carbon 

11,610 

B.ThU. 

„ Hydrogen 

2,802 

99 

„ Sulphur 

60 

99 

Total 

14,472 

99 


0 2 
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From this must be deducted the heat necessary for 
splitting up the combination alieady existing of the avail- 
able hydrogen with carbon, and also of the nitiogen from its 
combination with other elements. Instead of making this 
deduction as a sepaiate calculation, it is customary to use a 
formula by which the nett heat available is calculated in 
one operation. Seveial of these formulae have been devised, 
and the slight difference between their teims is .usually an 
attempt to bung the calorific value as calculated by them 
moie closely into agreement with that actually measured 
by the calorimeter. As a rule it is usual to take no account 
of the sulphur, its effect on the calorific value being very 
small. A formula which gives faiily accurate results is : — 


Calorific Value 
in B.Th.U. 


= 146-5 c + 621 h ~ 54 (o + n) 


where c, Ji, o and n represent the percentages of carbon, 
hydiogen, oxygen and nitrogen respectively present in the 
coal as determmed by analysis. 

This formula is not accuiate for anthracite, the values 
obtained being too low. 

Another and more recent formula, that of Goutal,^ which 
is found to give more accurate results than the one above, 
is — 

Calorific Value in B.Th.U. = 146*7 c + A X 
where c = the percentage of fixed carbon, i e,, th^ coke 
with the ash deducted. 

m — the percentage of volatile matter, the 
percentage of coal after deducting the coke 
and water. 


^ See Gas and Fuel Analysis^ by A H Gifl 
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A IS a co-efficient depending on the amount of volatile 
mattei m, as follows . — 

When m = 2 to 15, A = 234 

„ m = 15 to 30, A = 180 

„ m = 30 td 35, A = 171 

„ m = 35 to 40, A = 162 

The high percentage of carbon and coke m anthracite 
{see table, p. 125) is easily seen, as well as that of oxygen 
and volatile matter in the bituminous coals. The higher 
calorific value or evaporative power of certain bitu- 
minous coals IS due to the large propoition of hydrogen 
piesent, of which the heat of combustion is about four 
times that of carbon. 

Utilisation of Heat. — The methods of utilising the 
combustion of coal foi the production of power may be 
classed as direct or indirect. In the first the coal is 
burnt in its natural state, and the heat so produced made 
use of.. In the second the coal is first conveited into gas, 
which IS afterwards burnt, and the heat fiom its combus- 
tion utilised. 

The diiect method, which is the one most laigely used, 
is applied by using the heat to produce steam from water 
contained in a boiler, the steam serving to diive an engine 
and so to pioduce power in its vaiious forms — mechanical, 
electrfbal, hydiaulic, compiessed air, etc. 

When water is evaporated or changed into steam, a con- 
siderable amount of heat is absorbed m the process, 
although the steam produced has the same tempeiature as 
the water from which it issues. This heat is called Latent 
Heat, and is^measuied in B.Th.U. It is a quantity which 
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varies ■with the tempeiature at which the evaporation is 
carried out, becoming less the higher the temperature, but 
is a fixed quantity for any one temperature. The tempera- 
ture at which water boils depends on the pressure to which 
it is subjected. Thus, when water boils in an open vessel 
it has the same pressure as the atmosphere, and the 
evaporation temperature or boiling point is always 212° F 
but in a boiler it may be very much higher than jthis. If 
the boiler pressure is 100 lbs. (above that of the atmo- 
sphere) the temperature will be 338° F. : at 200 lbs it will 
be 388°. The units of heat absorbed in evaporating 1 lb. 
of water at 212° F. == 965 B.Th.U., at 338^ = 876B.Th.U., 
and at 388° = 841 B.Th.U. 965 B.Th.U , the amount of 
heat necessary to evaporate 1 lb. of water at atmospheric 
pressure, is called a Standard Evapoi ation Unit. It is usual 
to state the efficiency of a boiler as regards transference of 
heat from the coal to the water as so many standard 
evaporation units per pound of coal. 

Coals for use in boilers are classed as steam coals, 
and may be anthracite or semi-bituminous, or a mixture 
of these two. 

A high calorific value, as has been shown, is the principal 
recommendation for a steam coal, but as it is impossible in 
practice to transfer the whole of the available heat in the 
coal to the steam, some loss being inevitable, calorific value 
is not the only point to be considered. The mfluence of 
the composition of the coal m reducing or increasing the 
loss must be taken into account. 

^ The temperature is always 212® Fahienheit provided the barometer 
stands at 30 ins If the pressure of the atmosphere varies from 30 ms 
the boihng pomt will of course vary from 212® Fahrenfieit 
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The principal losses are due to — 

1. Incomplete combustion 

2. Unutilised heat which passes up the chimney in 

the gases from the boiler fire. 

3. Loss of heat by radiation. 

The first loss is influenced to a large extent by the 
composition of the coal , the second is indirectly affected , 
the third is only slightly affected. When combustion 
takes place in the boiler furnace fehe volatile matter is 
driven off and burns above the bed of the fiie, where it 
requires air for its combustion. If this air is admitted 
above the fire, unless previously heated to a high tempera- 
ture, it will cool the volatile gases below the proper 
temperature for their combustion, and a deposit of carbon 
or soot will be produced, which passes on to the chimney 
as smoke. Most of the hydrogen will also pass away 
unburnt. If the air is not admitted above the fiie it must 
pass up through the fire, where most of it combines with 
the red-hot carbon, so that the amount which reaches the 
volatile gases is insufficient for their complete combustion. 

The combustion of the carbon may be incomplete owing 
to carbon monoxide (CO) being formed instead of carbon 
dioxide (CO 2 ), and if the former is not supplied with 
sufficient air above the fire to burn it to carbon dioxide, it 
will pass on to the chimney and add to the losses In 
ord^’ to get the fixed caibon to burn, the air must pass 
ovei its glowing surface at a high velocity, and if the fire 
is not very thick a much larger quantity of air may pass 
through than is necessary to consume the carbon. If the 
percentage of volatile matter is small, this air will pass on 
to the chimney unused, so far as combustion is concerned. 



200 


COAL 


♦ € 


Now, in order to produce a draught in the chimney, the 
gases reaching it must have a tempeiatuie consideiably 
above that of the atmospheie, and they therefore cany 
away with them a considerable quantity of heat. This 
heat IS deiived from the furnace, and is so much heat of 
combustion lost to the watei in the boiler. The larger the 
quantity of gases passing up the chimney, the larger will 
be this loss, piovided the tempeiature lemains Jhe same, 
so that by allowing more air to pass through the furnace 
than IS necessary we increase the losses in the chimney 
beyond what is unavoidable. 

Anthracite coals burn with a little or no smoke, while 
bituminous coals, owing to the volatile matter they contain, 
aie difficult to burn without smoke, except in furnaces of 
special consti action. Smoke, besides being a nuisance, 
means a loss of heat, for the particles of which it consists 
are simply unconsumed carbon, whose heat of combustion 
is thus lost. 

Moisture m coal is a source of loss of heat in burning, 
for it must be turned into steam during combustion, and 
theiefore absorbs a number of heat units, which pass away 
with it as latent heat. It also tends to increase the forma- 
tion of CO instead of CO2 from the red-hot carbon. All 
losses mean that the actual heat obtained in piactice is less 
than the calorific value, so that more coal has to be burnt 
than would be necessary if theie were no losses, r In 
steamships space is valuable, and smoke is particularly 
objectionable. For this reason anthracite coal is largely 
used in the Navy and on ocean liners, on account of its 
smokelessness, its high calorific value, and its freedom 
from moisture. 
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The piesence of ash in coal is a source of loss in buin- 
ing and pi events the full caloiific value of the coal being 
obtained m the boiler furnace for seveial reasons It will 
be remembered that in measuring the caloiific value the 
ash as well as the products of combustion were cooled down 
approximately to the temperature that the coal had to 
begin with. In the boiler furnace the ash is removed at 
the temperature of the furnace, which may be several 
thousand degrees Fahrenheit, so that with every pound of 
it a considerable amount of heat is lost. The ash also 
may enclose or form an envelope round a considerable 
amount of coal in such a way as to jirevent its combustion, 
which means fiuther loss. 

If it contains much non it will pioduce clinker, which is 
objectionable, because it closes up the spaces between the 
fine bars, thus stopping the draught, and it may also cause 
veiy rapid deterioration of the firebars. 

Duty coals with a very large peicentage of ash, say 30 
to 40 per cent., may have a calorific value of moie than 
half that of good coal, and yet for the reasons stated above 
the heating effect m a boiler furnace may be extremely low, 
the heat from the combustion of the coal being only 
sufficient to raise its own temperature and that of the ash 
to the temperature of combustion, and to supply a surplus 
of heat which hardly exceeds that lequired to make up the 
chinmey and radiation losses. 

Indirect Methods oe Power Production from Coal. — 
There are several indirect methods of using the heat of 
combustion of coal for the production of power. The coal 
may be converted into ordinary coal gas, coke-oven gas, or 
power gas,'^or it may be first converted into coke and the 
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eoke afterwards converted into power gas or blast furnace 
gas. 

The gas so pioduced is sometimes burnt in boilers for 
the pioduction of steam, but the more usual and moie 
efficient method is to bum the gas in the cylinder of a gas 
engine, the combustion bemg so rapid as to produce an 
explosion which actuates the piston and so drives the engine. 

Coal Gas and Coke-Oven Gas . — Coal gas is suitable for 
use in gas engines as it has a high calorific value and it is 
clean, %.e,, it is free from dust and does not clog the valves 
or the inside of the cylinder with a tarry deposit. Its 
cost, howevei, is veiy much higher in proportion to its 
caloiific value than gases classed as power gas, which have 
little value foi illuminating purposes but are suitable for 
burning in gas engines. 

Coke-oven gas is very similar to ordinaiy coal gas in 
regard to its composition. It is foimed in the process of 
manufacturing coke from coal for use in blast furnaces, and 
is collected from the coke ovens. A poition of it is usually 
made use of foi heating the ovens, but there is always a 
laige quantity available for use in gas-engines which would 
otheiwise be wasted. It must, however, go through a pro- 
cess of purification to free it fiom dust, tairy mattei and 
other substances which would be deleteiious to the internal 
paits of the gas engine. 

Power Gas . — Power gas, as has aheady been safd, is 
made in a number of different ways, the piocesses differing 
chiefly in the class of coal used and in the composition of 
the gas pioduced. In all the methods employed, air, or air 
and steam is passed over the surface of incandescent coal 
or coke in such a way that incomplete combu^stion takes 
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place. In the case where air only is passed, carbonic 
oxide (CO) is formed, and when steam as well as air is 
used, hydrogen is also formed by the splitting up of the 
steam. The heat necessary for the dissociation of the 
hydrogen fiom the oxygen is^ supplied by the incomplete 
combustion of the carbon to carbon monoxide. With 
these gases there is always a large percentage of nitrogen 
from^the air. The vessel in which the production of gas 
takes place is called a producer, and gas manufactured in 
this way is often spoken of as Producer Gas, 

The best coal for the production of Power Gas is anthra- 
cite, as with it little or no impurities are formed, and the 
gas may be supplied to the gas engine without the use of a 
purifying plant, which always means considerable additional 
cost and requires a certain amount of power to drive. 
Coke, too, makes clean gas Bituminous coal can be 
successfully used, but it is always necessary to have a 
purifying plant in order to remove the tarry and other 
deleterious substances 

In the manufacture of Mo7id Gas bituminous slack is 
used and the purification is very complete, as one of the 
principal features of the piocess is the removal of the 
impuiities. These impurities are of considerable value, the 
commeicial success of the plant, to a laige degiee, 
depending on their recovery. 

Suction Gas is a power gas m the production of which 
the air and water vapour are drawn over the incandescent 
fuel by the suction produced by the action of the piston in 
the gas engine cylinder. For the production of suction 
gas, anthracite or coke must be used, as up to the present 
it has not been practicable to use a purifier. 
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Blast F innate Gas , — Blast furnace gas is pioduced from 
the coke used in the piocess of iron smelting The gas 
produced consists chiefly of caihon monoxide, the fuinace 
really actmg much in the same way as a producei, woiking 
with coke and air. Usually the gas escapes at the top of 
the fuinace and hums away to waste. By suitable means 
it may be collected, A poition of it is used foi heating the 
blast, but the greater part is available for power production 
m gas engines. It is necessaiy to pass the gas thiough a 
cleansing plant in older to remove the dust which is the 
chief impuiity. 

Caloiijic Value of Gases Pioduced Jiom Coal . — The 
calorific value of these vaiious gases vanes consideiably 
even in the same kind of gas. The aveiage values are as 
follows : — 


Coal Gas for Town Lighting 600 B Th U. pei cub ft. at 

atmospheiic pressuie, 60° F 


Coke Oven Gas . 
Mond Gas 
Dowson Gas 
Suction Gas 
Blast Furnace Gas 


400 
. 135 
. 150 
. 150 
. 130 


?? 




JJ 


JJ 


>7 



CHAPTEE XIII, 


WASTE OF COAL. 

Although the uses to which coal is put are so varied and 
numerous and the power inherent in it is so great, it is 
nevertheless true that coal is capable of developing still 
greater power, and of yielding other valuable products. 
Again, although such a large quantity of coal is annually 
raised from certain coalfields, this does not represent the 
whole of the coal which has been explored or laid bare, as 
hundreds of acres of good coal aie regulaily being left in 
the mines, abandoned in such a way that the seams thus 
touched can never be again economically worked even if 
they do not greatly deteriorate in quality. 

The waste of coal may be divided therefore into . — 
Waste in working 
Waste m consumption. 

Waste in Working. — The waste due to valuable mineral 
being left in the mine is far greater than that due to waste 
in consumption, and this avoidable or unavoidable loss 
greatly affects all engaged in coal mining, namely mine 
owrars, royalty owners and workmen Waste m working 
arises from . — 

Coal left fo7 support of surface and buildings , — A ceitain 
amount of coal has to be left in order to maintain shafts 
and to support houses, railways, canals, reservoirs and 
riveis on'^the suiface. The amount left depends largely 
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upon whether the value of the coal is greater than the 
damage which w^ould be caused by its lemovaL In some 
mines, after the removal of the seam, the whole of the 
spaces underground are packed oi flushed by material sent 
from the surface. This enables a greater amount of coal to 
be removed without damage *to adjoining property. 

Barriers . — Much coal is lost through the practice of 
leaving unnecessary barriers between different royalties, or 
owing to the difficulty of arranging terms for the purchase 
of small areas of coal. In some coal districts numerous 
small properties occur with crooked boundaries, and barriers 
of gieat extent have to be left. In many cases these could 
be entirely avoided if satisfactory an angements were made 
beforehand Again, large barriers are sometimes left as 
security against an inrush of water or of foul gas, because 
plans of old collieiy workings cannot be found. Efforts aie 
made to avoid this difficulty by the systematic deposition of 
all plans at the offices of government mspectois of mines. 

Water in Mines . — Coal is left ungotten because of 
contention amongst owners as to the expenses of pumping 
the water from the mines. In some coalfields central 
pumping stations are established by means of which the 
cost of pumping can be reduced and coal formerly abandoned 
may be recoveied. In the county of Stafford a station of 
this kind is erected, and large areas of coal have been 
rendered productive which would otherwise have been 
unavailable at present, and ultimately would probably have 
been lost entiiely. 

I'Mck Seams — In many thick seams the variation in the 
quality of the coal at different points is so great that large 
quantities of the less valuable qualities are left f.n such a 
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way that they are not likely to be worked at any futuie 
time. Sometimes thick seams are so difficult to work that 
unless the whole thickness is of uniformly good character, 
only the best will be extracted. Again, the whole of a 
thick seam cannot be taken out with safety, and part has 
therefore to be left for the support of the roof. 

Undei cutting the Coal . — In holing or undercutting coal, 
the collie^: has to cut away a fairly large proportion of the 
seam. This is to a large extent wasted as it is usually so 
small and becomes so mixed with the dirt of the mine that it 
IS unprofitable to haul, wind and clean. In many mines 
mechanical coal cutters are employed merely in order that 
the undercutting may be done in the haid metal or fireclay 
beneath the seam, and in this way avoid the cutting away 
of a valuable seam of coal Mechanical cutters are some- 
times used to undercut in the coal itself where the strata 
above or below the seam is unsuitable, in older that the 
holing may not form so large a portion of the seam. It is 
doubtful whether this is an advantage, as the ^‘cuttings” 
from many types of coal cutters are of the finest dust, and 
this is not only of no value commercially but is a source 
of danger in a gaseous or dry mine. 

In addition to the above causes of underground waste, 
there are some others such as unsatisfactory mining leases, 
wrong methods of working, etc., all of which are to a great 
ext(?nt avoidable It is likely that in the future many of 
these ob3ections will be amended, and there is no doubt that 
the improved methods and appliances now being adopted 
in many Biitish mines will result in the getting of a greater 
percentage of coal than that which is available under 
present c^mditions. 
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Although the amount of fuel stored in the coal-measuies 
of this country is still enormous, it should be lemembered 
that the lesources aie slowly but surely lessening, and, 
unlike all other agents that man possesses, it can nevei 
by any means be renewed or replaced. Long before the 
exhaustion of the fuel supplies there will be a veiy 
definite ciisis, viz., when the best and uppermost seams 
have come near exhaustion and when conditions of.tempera- 
ture and pressure in the lower seams have rendeied the 
exti action of the mineral moie difficult and the cost of 
production much gi eater When this takes place the cost 
of everything dependant upon coal — i ail ways, shipping, 
manufactures, etc., will begin to be burdensome. 

Waste in Consumption, — Many scientists contend that 
only one fourth of the power and wealth that is m coal is 
obtamed from it by present methods, machmeiy and 
recovery processes. In other words, three fourths of all the 
coal which is won at such a great cost of life and labour is 
lost. It is lemarkable that in pioportion as modem 
science reveals greatei power and wealth in the fuel, and 
invents new and varied applications of it, the appieciation 
of its waste increases. Thiity yeais ago it was considered 
that one half of the power inherent in coal was lost ; at the 
present time and after the intioduction of many efficient 
methods and appliances for utilising most effectively the 
heat derived from coal it is agreed that the loss is at l«ast 
two thirds 

Waste of fuel in consumption might be avoided in many 
ways by alteiations m the construction of flues and hot chain - 
beis whereby more complete combustion would be assuied, 
with economy of fuel and increase of heat ; Improved 
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methods of stoking and of draught aie needed and the 
introduction of grates or boileis suitable for burning certain 
qualities of large coal or slack which are at present con- 
sidered worthless , the utilisation of waste gases from coke 
ovens and the application of power gas (deiived from the 
most inferior classes of fuel) to boilers or gas engines would 
enable large quantities of coal to be saved. Again, great 
saving couid be effected by convex ting fine or duff coal from 
anthracite, gas, and other coals into briquettes. In 
Germany the advantages of washing coal have been most 
clearly recognised as a means of avoiding the waste of the 
fuel, and thus, by sending the mineral to the market treed 
from its impurities it is rendered at once more suitable for 
any purpose, and of much greater value. Mining engmeers 
of Germany have paid gieat attention to the saving of coal 
and the vast volumes of black smoke passing away from 
furnaces, factoiies, locomotives, etc., which indicate only 
very partial combustion of fuel, are not so common in that 
country as they aie in industrial parts of this countiy and 
on railways, or at sea. 

Economies in the use of coal and the designing of 
machinery and plant which will secure its utmost utilisation 
will result in a great extension of the time during which 
the fuel supplies of this and other countiies will be 
available. 

Wgfcte of any article of either intiinsic or relative value is 
reprehensible. Much more is it to be condemned when the 
article is both intrinsically and relatively of high value 
A useful and even necessary article that can never be 
replaced must be mtrmsically valuable Such an article is 
coal. 
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THE PRBPABATION OF COAL FOR THE MARKET. 

Until comparatively recent years most colliery pro- 
prietois were of the opinion that it was unnecessary to put 
the coal extracted from the mine through any cleaning or 
sorting processes, and the consumer was for a long time 
content to buy coal of an unsuitable size or containing 
considerable quantities of impurities Owing, howevei, 
partly to the fact that Geiman collieiy owners, having 
many dirty seq.ms to deal with, had adopted excellent means 
of cleaning the coal, British colliery owners have during 
the last few yeais adopted new and improved arrangements 
for preparmg coal for the market. The coal is now moie 
carefully handled at the surface, the different sizes and 
qualities are thoroughly sepaiated, unclean coal and slack 
are washed, certain qualities are made into coke or 
briquettes, and in many cases valuable bye-products are 
recovered. It follows, theiefore, that all thoioughly 
equipped collieiies now have most elaborate heapsteads, 
efficient machineiy and plant, and commodious surface 
buildings of every kind, all airanged so as to gAre the 
greatest economy in working and to secure the utmost 
utilisation of the coal ; and it is in these operations that 
the colliery engmeei looks to modern British engineering 
for such machines and plant as will enable him to do this 
still more efficiently and economically. 
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It is not within the scope of this book to describe the 
operations by which coal is extiacted from the mine and 
wound to the surface, but a desciiption of the whole of the 
processes to which the mineral is submitted after its arrival 
at the suiface is necessary if the great efforts made by 
colliery engineers to supply an efficient fuel both to home 
and foreign markets are to be properly appreciated. 

Coal at Bank, — The handling of the coal at 
the pit bank has a great influence on the condition in which 
the product is sent to the market. To prevent undue 
breaking of the coal and to economise labour it is now 
customary to have the tubs containing the coal withdrawn 
at the surface from the cages in which they travel from the 
bottom of the shaft by automatic means, and to arrange 
the gradients of the rails to and from the cage so that the 
tubs will travel to the screen tipplers by gravity or 
mechanical means only. The tubs are caused to leave the 
cage by an arrangement of automatic catches. These aie used 
m conjunction with automatic keps, or supports for holding 
the cage in position when it anives at the top of the shaft, 
so that the strain of the weight of the cage and its contents 
will not have to be borne unduly by the winding rope. 
The catches are placed on the flooi of the cage, and consist 
of heavy bars of iron running paiallel with the rails in the 
cage on which the tubs stand. The bars are supported in 
such a^way that when the heavier end is down the raised 
end IS just the height of the tub axle. The tubs enter 
the cage ^rom both sides, but aie prevented from leaving it 
by the ends of the bars, until the cage arrives at the top or 
bottom of the shaft. Arrived at the top or bottom, the cage 
IS allowed to rest on the automatic keps referred to, and at 

^ p 2 
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the same time a plate fixed to the cage rests upon the 
auxiliary keps. The plate supports the underside of the 
bars, and as the cage is lowered on to the keps a projection 


jSECTION , 

Fia 27 — Aiiangement of pit top foi mechanically dealing with a laige output of coal 
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suppoifcs and raises the plate, thus loweiing the bars in 
the cage, wheieupon the tubs are free to pass out of them- 
selves, the rails in the cage being slightly elevated at the 
centre. A small lever placed between the lails, is caught 
by the axle of the tub as it passes, and this draws the exfci a 



Fig 28 — Cieepers, foi elevating tubs by mechanical means 
Repioduced by land perinisfeion of Messrs Heenan and Fioude, Biimingham 


keps Ifom under the plate fixed to the cage, which, togethei 
with the bais, immediately resumes its proper position and 
prevents furthei tubs from passing out When the ordinaiy 
keps aie afterwards withdiawn the cage is free to pass. 

Having thus slowly and smoothly left the cage, the tubs 
pass to the \?eighing machine, then proceed a shoit distance 
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by the aid of gravity until they arrive at a point where a 
mechanically-driven endless belt or chain, called a Creeper, 
IS operating. A projection or carnage on this creeper 
comes in contact with the axle of the tub and causes it to 
move forwai'd up a short incline Arrived at a sufficient 
height the gradient changes, and the tub runs slowly to a 
tippler placed above the screen belts. After being over- 
turned and emptied, it passes out at the opposite side and 
runs back again to the cage, being again elevated by a 
creeper immediately after leaving the tippler if the height 
of the latter above the top of the shaft is not sufficient to 
render this operation unnecessary. 

Various forms of tipplers are in use, but the best ones are 
constructed with a view to preventing the breakage of the 
coal as it is discharged from the tubs on to the belts, and 
to do the work more easily and quickly than was formerly 
possible. The latest forms of tipplers are driven either by 
power or gravity, and, by a reduction m the distance thiough 
which the coal has to fall, better means of inserting and 
withdrawing the tubs so as to save time and avoid jerking, 
and a more efficient separation of the small coal from the 
large as it descends the tippler bars, it is now possible to 
accomplish this important operation most efficiently and 
economically. 

In the first, or gravity, type the tubs usually enter on one 
side of a squirrel-cage compaitment, and, after being rotated 
and overturned, pass out at the other side. The action 
IS simple and very economical. The tippler holds three 
(sometimes four) tubs, which rotate with the squirrel cage, 
this rotation being achieved by the weight of the loaded tubs. 
The mode of operation is as follows . — A loaded tub from 
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the weighing machine is run into the tippler with consider- 
able velocity^ the impact being sufficient to eject the empty 
tub already standing on the horizontal track Two power- 
ful brakes pass round the periphery of the tippler ends. 
These are under the control of an attendant On moving 
the lever the brakes are lifted and the tippler rotates one- 



Fig 29 — Tipplois for discharging coal fiom pifc tubs on to screens 
Reproduced by kind permission of Messrs Heenan and Froude, Birmingliam 


third or one-fourth of a revolution, according to the numbei 
of t»bs, being brought to rest at the next horizontal 
position. The particular construction of the tippler causes 
a temporary hopper to be formed, into which the coal is 
discharged, and fiom which it is gradually emptied owing 
to the slow and steady movement of the arrangement. The 
coal is thul^ prevented from falling through any distance, 
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and is not subjected to any rapid or other damaging 
tieatment. 

Power-driven tipplers, operated either by steam or 
electricity, aie now largely used at the best modern 
collieries. They are usually of single-compartment design, 
made to operate automatically, constructed so that there 
is only a slight distance through which the coal has 
to fall to the screen chute and formed to opeiate 
quickly and smoothly and with little inteiference of the 
operator They are also arranged to deposit the coal 
in the chute m such a way that veiy efficient separation 
of the small from the large coal takes place as the mass 
descends. 

ScEEENiNO. — The screening of the coal includes all the 
piocesses adopted for separating the various sizes , extract- 
ing, by mechanical means only, pai tides undesired by the 
consumei , and the reduction of the run-of-the-mine (that 
is, all coal coming from the mine) to a uniform size. For 
these purposes it may not only be necessary to pass the 
coal over or through the various separating or sorting belts 
or machmes and to pick impurities out by hand, but it will 
probably also be advisable to bieak up or crush the coal so 
that it may afterwards be more thoroughly separated or 
made more valuable commercially because of its uniform 
size. Undei ordinaiy circumstances the coal, after leaving 
the tippler, passes by means of bars or shoots on t^ the 
picking belt below. The effect of using bars is to cause all 
coal of a less size than the space between the bars to fall 
through the latter and thus become at once separated, 
passing to another portion of the scieens, where it is tieated 
sepal ately. While travelling on the belt the diKt is picked 
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out by -women or men, and then the coal passes from the 
belt to the -waggons. 

It IS not often unnecessary to pick the coal, but in a few 
cases the coal is passed over a Fixed Bar Screen, which 



Fig 3U — View ol mteiior of scieening shed, showing jigging shoot, scieens 

and belts 

Repiodueecl hy kind, peinnssion ot Messis Heenan and Fronde, Biimingliam 


smiply separates the various sizes, and each size passes 
sepal ately into caits oi waggons, oi it may be passed 
thiough a Sizitig Tiommel direct into the caits oi waggons, 
as shown in Pjg 32. 

A Fixed Bar Screen is constructed of mild steel plates 
and tapened screen bars, fixed at such an angle that coals 
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Fig, 31 — Ackton Hall Colheiy, showing scieening belts and diivmg geai 
By kind permissioii of Mpssis Head, Wiiglitson & Co , Stockton 
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gently descend direct to trucks or picking belts. The screen 
bais are tapered, the widest pait being uppeimost, so that 
coal cannot become wedged between them, and the pitch is 
arranged to suit the various sizes required. To prepaie the 
mass of coal as it leaves the tub foi moie thoioiigh screening, 
a Jigging shoot or jigging screen may be used, consisting 
of a box-like anangement constructed of steel plates or 
bars (Fign. 31) and angles, and suspended by means of hanging 
rods, in front of screen to receive the coals from same and 
distribute them gradually and evenly over the belt. In 
this case all coal passes on to the belt, but in a condition 
which enables it to be moie readily picked or screened. 
The shoots are oscillated by means of eccentrics. 

Jigging scieens aie now largely used which combine the 
advantages of both bar screens and jigging shoots. They 
not only enable the coal to be distributed evenly and 
without great breakage on the belts, but act as a screen 
through which the smaller sizes may pass. They aie 
merely inclined wire giids oi perforated plates, shaken 
from side to side by means of eccentrics in a manner 
similar to that adopted in jigging shoots. 

Where the screening described is not sufficient to entirely 
separate the various sizes of coals, whether for subsequent 
washing or otherwise, Sizing Trommels are used, a good 
form of which is shown in Pig. 82. The mesh of the 
trommels is arranged to suit the particular material being 
treated, and the size of the trommel is determined by the 
output required. A centre shaft is suppoited at both ends 
and driven thiough a toothed rim attached to the shell or 
by a chain-wheel and driving chain. The screens of the 
trommels*can be arianged in a line or inside each other, as 



m illustration (Fig. 32). The coarser coals remain inside 
the innei screen, the next size less passes only thiough the 
inner screen, the medium size thiough the second scieen, 
the finer coal passes through all the seieens, and it is a 
simple matter to ai range for the delivery of the vaiious 
sizes into their lespective hofipeis. 



Fio 32 — Sizing tiommel for sepaiating various sizes of coal 


Eecently sizing grates” have been introduced mto 
this country fiom Geimany, and these are employed 
where a laige quantity of coal is required to be sized 
rapidly, thoroughly and without breakage. They consist 
of a special moving scieen of very simple constiuction, 
the screen being formed so that the materials may be 
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lifted from one i oiler to the next without shock, and in 
such a way that the pieces which do not pass thiough t e 
aperture^ do not get crushed or jammed between the bars 


fig 33 -Ackton Hall Colliery, showing heapsteads, screens, slumtmg arrangements. 
By kind permission of Messrs Head, Wrightson & Oo , Stockton 
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A number of these grates are used in conjunction and 
arranged for the sizes required. 

Shaking tables are used for the purpose of more 
thoroughly screening the coal than can be done by 
ordinary screen bars. The principal advantage of such 
apparatus is that they work without any shock either on 
foundation or framing, so that they may be used without 
there being any danger of vibration or damage to the 
building in which they are placed. 

The shaking table is provided with straight inclined 
sieves resting on four vertical pillars, mounted in ball 
bearings, the upper sieve being supported and the lower 
one suspended. Horizontal circular motion is imparted to 
the table by means of two vertical crank shafts driven by 
bevel wheels Through the rotaiy motion and the inclined 
position of the sieves the coal is given a slightly oscillatory 
and descending motion, whereby the various sizes, and 
especially the dust, are separated. Thus the coal is exposed 
to little shock, and the product obtained is very fiee from 
dust. The small leaves the shaker below, and the sized 
pieces leave at the end or sides as required. The output of 
such a table is about 160 tons per hour. 

Disintegi ators , — It is only quite recently that the advan- 
tage of crushing or breaking coal before screening or 
washing has been recognised in this country. But 
German colliery owners have for a long time lecognifed 
that for certain coals it is a distinct advantage to i educe 
the run-of-the-mine, or even certain qualities of coal, to a 
uniform size. In this country the preparation of Anthracite 
coal for the various home and foreign markets is now a 
most important matter, and in many instances^ Nuts of 
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various grades command a higher price than larger coal 
because of their greater calorific value It therefore often 
pays the coal owner to break large coal and to convert it 
into different grades of Cobbles, Nuts, Peas and Small. 
Apart from this, the utility of bieaking certain classes of 
coal, as we have aheady pointed out, in older more readily 



PlO 34 — Coal disintegrator or crushei foi i educing coal to 
unifoim size 


to separate the inferior from the good qualities, will be 
easily recognised, in fact, there are many coals which could 
not^be sold if they were not previously crushed so as to 
be capable of thorough washing. 

In Fig. 34 IS shown a machine for breaking the large 
lumps of coal to reduce them to a more convenient size or 
to make the extraction of the dirt contained in the coal a 
less dijEficfllt matter. It consists of two cylindrical cages 
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revolving in opposite directions, each cage being made up 
of two concentric sets of bars attached to a disc on one side 
and to a ring on the other. The coal to be bi(?ken is fed 


Fig 35 — Ashington CoUieiy, showing pit lieapstead, scieenmg sheds, winding engine house, tiack 
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into the centre, and is thiown by the bais a aoi the cage X 
against the bars h b of the cage Y, thence it flies against 
the outer ciicle of bars c of X and finally against the outer 
Glide of bais cl of the cage Y, It then enters the circum- 
ferential space e, from whence it is allowed to escape by a 
suitable opening m the outei casing. 

Scieening and picking belts may be of various foims. 
The most* common are made of woven wire cloth or 
peiforated sheet metal if they are to be used as screens, 
and of whole sheet metal if to be used merely for picking. 
They aie geneially flat, endless belts, passing over a 
driving roller at one end and a second guiding idler 
at the opposite end. Conveyors are also used as screen- 
ing and picking belts and possess great advantages as 
sepal atois and classifiers of coals. Ordinarily, con- 
veyois aie used in the screens to carry coal from 
beneath the screen bars to the point at which it is to 
be picked or still further divided, and conveyor belts used 
for this purpose aie shown in Figs. 30, 36, 37. Anothei 
form of conveyor consists of an mdiarubber or canvas band 
supported on small idlers and driven by an end drum. 
In another form of conveyor a trough is used supported on 
live rollers which receive a peculiar '‘to and fro” motion 
from a patent driving mechanism. The effect of this 
motion is to cause the coal to be rapidly conveyed along 
the tfough. By inserting perforated plates in the bottom 
of the trough these conveyors can be used as screening and 
picking belts. Another means of conveying coal, while at 
the same time obtaining good classification, as it allows the 
coal to be more easily picked, is one m which a metal 
trough with^perforated sections at various points receives a 
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backwards and forwards ” throw by a reciprocating move- 
ment. This throws the coal gradually forward in easy 
stages In another method of picking now being laigely 
adopted an annulai steel plate or table revolves hoi izontally 
on rollers The coals from the shoot are delivered and 



Fig 36 — Plant constructed for the Gramlington Coal Co , Northumbeilandi 
and ai ranged to screen and pick 800 tons pei day 

Eeproduced by kind permission of Messrs Head, Wiigbtson & Co , Ld , Stockton on-Tees 


distributed evenly on this, after which they are picked 
by the pickers standing round the outer and inner 
circumferences. A scraper is arranged to remove the 
coals from the table, sliding vertically in guides. By 
this means the coal is directed into a shoot and thence 
into the waggons. • 


3JHE PEEPAEATION OP COAL POE THE MARKET 227 


Elevators for lifting large quantities of coal from the 
screens, shoots, or other places into washenes, ovens, etc., 
are often required A good example of these is one 
which is constructed of steel angles, framed together 



Pig- 37 — Interioi of picking and screening shed, Univeisal CoUieiy, 
South Wales 

Reproduced by kind pei mission of Messis Head, Wriglitbon & Co , Ld , Stockton-on Tees 


as shtwn, provided at the lower end with a boot This has 
sliding blocks arranged to be moved up and down to keep 
the chains tight. In this way large quantities of coal or 
slack can be constantly laised almost any height, and at 
speeds up to 70 feet per minute. 

Loivermg^Jih — Fig 38 shows another anangement for 

Q 2 




Fig 38 — Lowering 31 b for depositing coal in waggons with minimum of 

breakage 

Reproduced by kind permission of Messrs Heenan and Fioude, Birmmghafn 


driven arrangement working the worm-hoistmg gear, which 
enables the ]ib to he easily fixed at any height, desired. 
The belt plates aie of a peculiar corrugated section, giving 
strength and lightness, and the coirugations also prevent 
the coal from running down the shoot whe/ placed at a 
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steep angle. By this arrangement tender coal can be 
lowered into the waggons without breakage and the better 
topping up of the waggons is facilitated, as the ]ib not only 
conveys coal light to the bottom of the waggon, but it will 
at the same time load well up over the top of the highest 
waggons m use. 

Spiral conveyois are also largely used, not only in the 
screens^ but for carrying the small coal to the washeries, 
boilers, or waggons. They have the great advantage of 
being simple in action as well as in construction, and need 
little attention and repairs when once installed 

Coal Washing. — Considering that many rare minerals of 
great intrinsic value aie abstracted from large quantities of 
worthless gangue, it would be strange if the colliery engineer 
had not devised some means for removing from the coal the 
small quantities of dirt associated with it. German coal 
seams, as is well known, contain many bands of dirt or 
inferior coal, which in the process of working and trans- 
mission becomes mixed with the coal. This foreign matter 
can only be got rid of by elaborate washing anangements, 
but the colliery owners of Germany have been so successful 
in their efforts to accomplish this, so as to increase the 
value of unclean coal, that Biitish coal owners have imitated 
their efforts, not only for classes of coal which were of little 
value unless thoioughly washed, but even for the best 
seamf, where it was found that the price mci eased as the 
peicentage of diit was leduced. It is clear that all inorganic 
material^in the coal is worthless from the point of view of 
the calorific or heating powei of the coal, and classes 
containing a large proportion of shale or sulphur have low 
heating powers. Many washers are capable of reducing the 
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shale from 20 per cent, to say 6 or 8 per cent. Of course it 
IS easier to do this than to i educe say the 5 or 6 per cent, 
piesent m a good coal to 2 or 3 per cent , though this is 
now accomplished in many eases. Oidinary shale is not 
difficult to get rid of, but coal containing sulphur in certain 
forms needs moie careful tieatment. 

When sulphur occurs in the form of pyrites it may be 
removed by washing unless the particles aie so smajl as to 
be in the foim of fine dust. For this leason it is essential 
that coal which is to be washed should not be broken up 
unneeessaiily. At the same time it is necessary that the 
disintegiation shall be complete enough to bieak the particles 
of foreign matter fiom the pai tides of coal. When the 
sulphur occuis as calcium sulphate it is most difficult to 
sepaiate by pieliminary tieatment, and when it occurs in 
the form of hydiogen-sulpliide it is generally only gotiid of 
dining coking. # 

The principle involved in nearly all coal washers is the 
same. Their action is based on the fact that in neaily all 
cases the impurities combined with the small coal, as it 
leaves the mine, are of gieatei specific giavity than the pure 
coal. This ciicumstance has enabled mechanical means 
to be employed which would not otherwise be possible. It 
IS found that if mateiials of different specific gravities and 
appioximately of the same size are placed in a sieve and 
Jigged up and down m watei foi sufficient time, thef will 
airange themselves in layeis according to then density, the 
heaviest at the bottom and so on. Or the machine may he 
constructed \^ith a fixed sieve on which the coal to be tieated 
IS deposited and motion given to the water by means of a 
large piston, in this case motion is given to the water 
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instead of to the sieve with similar effect A piece of mineral 
with a specific gravity of 6 falls through the water more 
quickly than a similar piece of some other mineral the 
density of which is only 2 ; but a large piece of the latter 
mineral may sink as rapidly as a small piece of the former. 
Consequently minerals of varying density can only be 
separated by water when they are properly classified as to 
size ; tjfiey need not always be of the same size, but it is 
necessaiy that they shall not gam as much m size as they 
lose in density. It is true that m the early part of the fall 
of equal falling minerals, the influence of the specific gravity 
predominates, so that by a constant repetition of very slight 
falls, it IS possible to sepaiate particles which have not been 
carefully sized. On the whole, however, it is found best to 
classify the coals before washing, and almost all washers aie 
arranged for this method, as it is found that with coals 
screened into nearly the same sizes, each size being treated 
sepal ately and the conditions airanged to suit the sizes, viz., 
the number and length of the pulsations of the water, a 
moie perfect separation is effected. It has already been 
pointed out that there is a danger in the reduction of the 
particles to too great a degree of fineness, so that the greatest 
skill of the colliery engineer is required to deteimme the 
most suitable size to which the coal may be i educed without 
the danger of creating too large a quantity of dust. 

Kfis also found that by the introduction amongst the coal, 
of a mineral having a specific gravity slightly less than the 
lieavier dirt particles and slightly greater than the coal, a 
more perfect separation is obtained. This mineral acts as 
a kind of filter through which the shale will pass and on 
the top 0 ^ which the coal will remain. Felspar is an 
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excellent mineral for this puipose and suitable paiticles 


of this substance are placed in 



a 


the sieves of the jiggers, as 
this class of washeis is 
called. 

After the dirt has fallen 
through the sieve it is 
run off by the water to 
settling tanks/ ajid the 
water when cleared or 
claiified is bi ought back 
again foi fui ther washing 
purposes. The washed 
coal IS meanwhile led 



'I oft to suitable hoppers, 

where the water is 

S' 

^ allowed to diam off 

I gradually. 

Coal may also be 

£ washed in troughs oi on 
tables. In each case the 
action IS based on the 
vaiying specific gravities 
of coal and diit. 

Pig. 89 shows a com- 
mon f 01 m of 3 igger This 
consists of a box oiTvat 
divided into two compait- 
ments by a paitial paith 
tion. A flat sieve is 


fixed m one, which carries the coal to be washed, while in 


the other a piston works up and down, operated by an 
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eccentiic above. As the box is 
full of water the movement of 
the piston causes a pulsation of 
the water lifting the coal up and 
down continually until gradually 
the airangement of the particles 
m the mass changes, the heavier 
pieces ^being at the bottom, the 
hght material at the top, and the 
mixed stuff m the middle. Thus, 
provided the box is not over- 
loaded, a supply of unwashed 
coal can be continually fed on to 
the sieve fiom a hopper at one 
end, the diit led off to the set- 
tling tanks fiom below as it 
filters thiough, and the coal 
diiected to the storage bunkers 
to dry. 

Ti O'ugh Washers . — Some 
washers may be said to be 
travelling tioughs, others are 
revolving troughs. The latter 
consist of an non ban el which 
is about 8 01 10 yaids long and 
abmt 4 feet in diametei, with an 
Archimedean screw on the innei 
suiface. Friction rolleis applied 
to the outer surface cause the 
bairel to revolve, the rollers being 
driven b^^a small steam engine 



Fig 40, — Blackett’s ie\ olving tiough coal wasliei 



or electiic motor. The coal enters the bairel about one- 
thiid from the uppei end, and a stream of water joins 
it and carries it down a chute into the barrel The point 
at which this unwashed coal enteis is regulated accoidmg 
to the amount of washing it requires. A second stream 
of watei operates at the point wheie the first stream 
and the coal enter the barrel. The coal is carried onward 
by this second current to the outer end of the ^bairel, 
but the dirt falls downwards into the thread of the sciew 
on the inside of the barrel The rotation of the barrel 
is in such a direction that anything falling into it is 
carried backwards and upwaids to the end of the ban el, so 
that the dirt is gradually conveyed to the dirt hopper. In 
this way the coal is separated from the dirt, and each is 
delivered at its propei end into trucks in the simplest manner 
possible Barrels of the size named wull deal with from 100 
to 150 tons per day, so that for large outputs several ban els 
are needed, but this is no drawback, as machines can 
be woiked or stopped according as it is desired to turn out 
a larger or smaller quantity. 

Washing Tables — A table for w^ashmg coal is similar 
in many respects to the tables used in the concentration 
of ores. Like the trough washei, they aie much simpler 
m construction and cheaper in first cost than jiggers — 
though it IS possible that the cost of attention is much 
greater in the former types of washers. They aie suitu^ble 
for washing coal up to inches diameter, so that larger 
coal must be first crushed; below the size named, how- 
ever, it is necessary to classify the various sizes first, as 
table washers work better where the finer stuff can form a 
bed on which the larger may be gradually worked forward 
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Tables have a capacity of about 7 tons of washed coal per 
hour, so that a large numbei aie lequired foi dealing with 
400 or 500 tons of coal j)ei day 

Diyiiig the Coal , — The drying of the coal after washing 
IS an important operation, as, although the moisture m 
the coal compensates somewhat for the loss of weight, 
consequent upon the abstraction of the dirt, the calorific 
power ^is reduced thiough the piesence of water. In most 
cases the mere storing of the coal in hoppers from which 
the watei can lun off is considered sufficient. Hoppers 
are ai ranged in senes, the partition of one being slightly 
highei than the next, by about a foot oi ten inches. The 
water cariymg the washed coal runs into the fiist hopper 
until the coal giadually fills up to the top, whereupon the 
water ovei flows into the next hopper, carrying with it a 
further supply of coal, and so on until the whole of the 
hoppers are filled. Meanwhile the wet coal is draining 
itself thiough slight openings in the timbers of the hopper. 
The coal is afterwards shot thiough trap doors in the 
bottom of the hoppers into waggons But in order to 
more thoroughly dry the coal, special airangements are 
adopted 

The most impoitant featuie of the ‘‘Baum ” system, for 
example, is the draining plant (Fig 41), which is designed 
to 1 educe the added moistuie m the coal as much as possible. 
Atrrthe same time the water is clarified, and the greater pait 
of the sluiry exti acted by filtiation thiough a constantly 
renewed layer of fine coal. A diaining plant consists of 
an extremely stiong conveyoi, cariying about 2 tons of 
coal to the yaid This is made with perfoiated plates, a 
(Fig. 41f, hinged one to the other, and carrying on the 
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middle a double verti- 
cal partition h of per- 
forated sheets, set 
slightly apart fiom 
each other to allow the 
water to run between 
them and two upiight 
sides c and 62 •also per- 
f 01 ated. The conveyor 
thus lesembles a series 
of boxes hinged one to 
another The washing 
watei comes with the 
fine coal on specially 
arranged swinging 
sieves of metallic 
gauze, which allows the 
water, the sluriy, and 
the veiy fine coal to 
pass through, whilst 
the coaisei coal slides 
down to the conveyoi 
at e The finer coal 
and the slurry, sepai- 
ated as just mentioned, 
then fall on to liie 
top of the coaiser coal. 
The coal is now in the 
best condition for di ain- 
ing As the conveyor 
moves it pa^es over 
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the supporting lollers h, the distances and the diffeiences 
of height between which are calculated, so as to allow the 
conveyor to bend undei its load of coal between one i oiler 
and the next. The effect of this sagging of the conveyor 
IS to press the coal between the veitical partitions h when 
it arrives between the lolleis or above the lower rollers, 
and to open these partitions one from the other as it 
arrives above the higher rolleis. The coal is in this way 
submitted to a process of pressme and expansion, which 
forces the watei from it. It will be seen that as the 
washer proper is situated at the top of the buildings, the 
coal passes fiom it downwaids, and thus the processes of 
w^ashing, scieemng, draining, storing, and loading are carried 
thiough without the necessity of lepeated liftings with 
elevators, and consequently with less formation of small 
coal and with a minimum of manipulation 

Cost of Washing — The cost of washing coal varies fiom 
about 2d. to 4d. per ton, including driving and maintenance, 
though in some cases, where little sizing is necessary and 
the dirt is not greatly inteigrown with the coal, the cost 
may be less than Id per ton On the other hand, coal is 
enhanced in value as much as 6d. or 7d. pei ton by washing, 
and as the demands of the trade are in all cases for a 
cleaner product, it is evident that the w'-ashing of coal is 
an advantage to both producer and consumer. It will be 
sem, also, that the selection of a suitable washing plant 
needs serious consideration 

Loauing Coal into Ships and Barges. — The loading of 
the coal into waggons, ships, or barges is the final operation 
in the handling of coal, so far as the colliery owner is 
concerned. It is just as necessary that care should, be 
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taken in doijig this, so as to avoid loss and breakage of 
coal, as in the case of the withdrawing of the loaded tubs 
from the cage and the ejectment of the coal on to the 
screens. We have already referred to the loweiing jibs 
which enable coal to be passed easily from the screening 
belts to the waggons, it is now only necessary to desciibe 
a method of loading it into, the ships. 

Coal IS loaded into ships and barges from the* waggons 
in various ways* — (1) By means of large cranes which 
raise the entire waggon, oi sections of specially-made 
waggons, over the hold of the ship, the contents being 
emptied through a trap-door in the undei-side. (2.) By 
means of elevators which raise the coal to a certain height 
above the vessel, after which it slides down by means of 
gravity through a shoot into the hold. (3 ) By means of 
specially-designed coal shippers. 

Mechanical coal shippers aie designed so as to avoid the 
great breakage of coal resulting from the use of the ordinary 
gravitation spout. The motion of the coal from the truck 
on the dock side to the bottom of the hold of the vessel is 
caused to be independent of giavity, and to be entirely 
controlled by machine-diiven belts. With a continuous 
supply of coal, 400 tons per houi can easily be shipped by 
these appliances, and this can be increased by a slight 
increase in the speed of the belts and the capacity of the 
trays. The coal is first discharged into a hoppei imil^e- 
diately below the truck. The first belt, which is hoiizontal 
or slightly inclined, moves under the mouth of the hpppei, 
and draws a layer of coal along its surface until it ai lives 
at the side of the quay At this point it is transferred to 
the second or jib belt. The frame caiiymg ttfe second 
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belt is hinged at the shore end, so that it can^idse and fall 
at its outer end to suit the rise and fall of the ship, and 
has also a slewing motion, right and left, io enable the 
coal to be directed along it towards any part of the hatch, 
in order to save hand-tnmming At the end of the jib 
a vertical belt is usually suspended, which moves in a 
trunk. This belt has large trays woiking freely on hinges. 
These, ^irb turning round the top drum, form a series of 
large hoppers, or scuttles, the sides of which are the sides 
of the stationary trunk, and the bottoms of which are the 
descending trays. As each hinged tray ai rives at the 
bottom of the trunk it falls open automatically, and dis- 
charges its contents on the cone of coal forming gradually 
in the hold. The tray is then carried round the bottom 
1 oiler of the belt in a vertical position, and rises on the 
outer side of the tiunk, until it ariives again at the top 
roller, when it is automatically turned over, and again 
receives the coal in the hopper which it foims with the 
sides of the trunk By this means a senes of huge scuttles 
IS formed automatically, in which the coal quickly descends 
into the vessel, helped by the force of gravity, but entirely 
controlled by the machinery. By a suitable arrangement 
of railway sidings and hoppers, several machines can be 
arranged, so that all the holds in a vessel can be supplied 
at the same time, thus obtaining extreme rapidity of 
deprpatch for vessels In this case the machines are made 
to move parallel to the quay and to the lines of lailway, 
^so as to plumb any position of hatchway 

Sufficient has now been written to show that the 
prepaiation of coal for the consumei is not the least 
impoitanl? branch of collieiy woik, and that gieat skill 
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has been shown in devising methods and appliances for 
ridding the product of the mine of eveiytbmg tending to 
lower its economic value 

The aim of the colliery engineer is to render it most 
useful and convenient for domestic purposes, and foi those 
piocesses of non and steel making and steam geneiation 
for which it is now so greatly required. In this purpose 
he js largely helped by those Geiman engineeis .who have 
for so long been engaged in devising plant foi the treatment 
of fuel, for although modern Biitish engineering has been 
able to do a great deal for the mine owner in the diiection of 
motive power, especially in the new forms of electrical 
installations, it is to his Continental friends that he and 
the consumeis are chiefly indebted for a thoroughly clean 
and adequately sized coal, and for the means of freeing it 
from the gi eater part of its undesirable constituents 

This complete utilisation of the coal has another 
impoitant advantage* it avoids w’aste of the product in 
the foim of dust and smoke, so common at collieiies where 
no effort is made to avoid them. Nothing stiikes a British 
mining engineer so foicibly, on visiting the best German 
mines, as the quiet and cleanliness which pievail at the 
surface. Nothing is wasted; the smoke fiom the ovens 
and chimneys is conspicuous by its absence, the air is 
clear and unpolluted, and fields of grain and gardens of 
vegetables grow up to the very walls of the coking plants 

Coking Coal and the Bbcoveby of Bye-products — 
Eecent improvements m the method of coking coal and in 
the reeoveiy of valuable bye-products have caused great 
attention to be paid by collieiy owners to this branch of 
the industry. The simple manufactuie of coke, ftven fiom 
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those vaiieties of coal possessing excellent coking qualities, 
was not considered remunerative except in a very few 
instances, e,g., in the case of those collieiies worked m 
conjunction with iron and steel manufacture — and con- 
sequently the supply of coke to a gieat extent was in the 
hands of the makers of coal gas for illuminating purposes. 

The chief improvements have been in respect of the 
retorts ^or* ovens. These are now of greater capacity and 
capable of a more varied output Ordinary gas retorts 
were generally built for holding three or four cwts. of coal 
and for coking this quantity in three or four hours More 
than as many tons aie now filled into modern retorts and 
a period of twenty-four hours is required to completely 
caibonise the larger charges. Under the new methods a 
higher quality of coke is obtained, and for blast furnace pur- 
poses this is moie valuable than gas works coke. In addition 
to this the bye-pioducts are generally of better quality, and 
aie given off in larger quantities. Coke made in ovens of 
this kind for blast furnace use, called Furnace Coke, is, on 
account of the larger charges and peculiar construction of 
the ovens, much larger in bulk and considerably haider 
than the older foim of coke. Being stronger it is therefoie 
more suitable for suppoiting the metal in the blast furnace 
and allows a moie efficient cuiient of an to pass thiough 
than IS possible with a softer quality. 

Tffe coke obtained in the manufacture of illuminating 
gas — Gas Coke — is smallei and softer than that 
(^esciib^d. Usually it is the lesidue of a better quality of 
coal than that used in modern coke ovens, the best coal for 
the production of gas of a high candle power being geneially 
employed, and although the coke is of a soft nature owing 
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to the shoiier time duiing which the piocess of carboni- 
sation is proceeding, it is eminently suited for domestic or 
blacksmith’s purposes where open grates are available. 
Again, the percentage of ash in this variety of coke may be 
low, say from 5 to 7, and of sulphur about 1 per cent., 
wheieas m the case of small coal used on a large scale for 
the production of coke m ovens, the ash and sulphur 
present in the zesulting coke may be as much as* 10 to 12 
per cent Considerable heat therefore may be expected 
from the former in almost all cases. 

On the other hand, furnace coke may be superior for 
domestic purposes where closed stoves are employed (as in 
the United States and other countries). In this case a 
good draught is available, and as it is necessary to avoid 
the massmg together of the lumps, the stronger coke is 
more suitable than the softer qualities. Apart fiom the 
advantages possessed by coke for the definite purposes 
which have already been named, it is now being clearly 
recognised that by the conversion of the raw coal into a 
smokeless fuel by carbonisation a great amount of heat is 
saved and the atmosphere of large cities is not darkened 
and begrimed by clouds of smoke and soot, which is such 
a common feature of British industrial centres. It is 
remarkable that the demand foi smokeless fuels in this 
countiy is not greater at the present time than is actually 
the case. Many British fuels are particularly suitabfe for 
coking, the recovery of valuable bye-products and the 
efficient utilisation of the gases would be a great economic 
gain to the whole nation; finally, there are now many 
greatly improved methods of coke manufacture and bye- 
producfcs recovery. It is possible, therefore, tnat duiing 
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the next few years a great change will take place in this 
part of colliery work whereby the title of coal mining 
district will not be associated in future with localities 
devoid of all natural beauties. 

In the manufacture of gas by ordinary retorts it is often 
necessary to consume some portion of the coke produced, 
on the fire bars That is to say, the heat required to 
completely carbonise the coal is so great that the coke 
supplies are called upon to provide some of it In modern 
coke ovens the heat necessary to produce good coke can be 
obtained without using any of the coke itself, some of the 
resulting gas being made use of instead. This is done 
without reducing the value or the quantity of the bye- 
products. These can be collected without affecting the 
quality of the coke, as it is only necessary to keep up the 
heat so as to produce good coke after the tar and ammonia 
have been removed. 

As a rule a suitable coal should produce 9,000 to 12,000 
cubic feet of gas, and seven or eight cwts. of coke, per ton. 
In a modern oven about half of the gas is employed for 
heating purposes and the remainder is available for 
illuminating or power purposes. Loss of gas and bye- 
products and the production of an inferior quality of coke 
is a serious drawback m any plant, and the use of retorts 
of ordinaiy construction, although saving all the gas for 
illuniinating purposes, has not resulted in the complete 
saving of the bye-products nor in economy in fuel 
^ Coking, with the recovery oj Bye-Pioducts . — In most cases 
coke ovens are built m such a way that they can be used 
either for or without the lecoveiy of bye-products, though 
in a few instances it is necessaiy to have a plant of entirely 
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different construction 
if the products are to 
be saved. There aie 
now many methods 
employed, most of 
which aie of German 
design, but the mam 
feature in all of them 

9> 

is the same, viz., that 
^ 6 the coal is carbonised 
I I or coked by the hot 
£ I gases which circulate 
I ^ outside the retorts, 
E I these gases being pro- 
^ 5 duced from the coal 
I i itself. 

I ? The small coal to be 
I i coked is fiist com- 
% I piessed and then 
I pushed into the re- 
^ ^ toits. The products 
g evolved when the coal 
” distils aie passed 
thiough SCI libbers and 
condensers, by means 
of which the vaMous 
tars, oils, and am- 
moniacal confounds 
are separated. De- 
prived of these valu- 
able constituents, the 
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gases return to the outside of the ovens around#which they 
circulate and are burnt, along with heated an, finally 
passing under the steam boilers where they aie still further 
used. In most cases the ovens are so constiucted that the 
temperatuie is not high enough to decompose the light oils 
contained in the gas escaping from the ovens, and as a rule 
they are so arranged that the heat is legular and unifoim 
in all ;^arts of the oven, the draught being shut off either at 
the front or back of the retorts, as required. 

Many large installations are now at work, especially in 
Yorkshire, South Wales, and Scotland, for the manufacture 
of metallurgical, railway, and domestic coke, quantities of 
which, however, are shijiped to America especially for the 
latter purpose. The plants erected are similar m principle 
and the following description of an Otto-Hilgenstock battery 
of ovens may be taken as typical of the remainder of the 
plants built for this purpose. 

The improved Otto-Hilgenstock system is based on the 
principle of the widest possible distribution of gas through 
the shortest couise. The principal feature of the system 
is that the ovens are bottom fired, that is to say, they are 
heated from below by means of the combustion of gas m 
a number of Bunsen buiners The process is as follows : — 
The gases evolved from the coal m the oven chamber^ first 
pass thiough the opening B into the gas main C on the 
topief the ovens, from whence they are drawn into the gas 
coolers and other bye-product recovery apparatus by means 
of steam-] et gas exhausters. The gas freed from the bye- 
products and that for heating the flues of the ovens, return 
through the main pipe D which feeds all the different ovens 
of a battdty. Prom this mam gas pipe smaller pipes E 
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branch out and go into the arches which support the ovens, 
as may be seen in the annexed drawing (Fig. 43) From 
these branches S aie led lateral branches rising to nozzles 
inserted in the heating flues F of the chambers which 
convey the necessary gas to each wall. The Bunsen 
burners draw in by their action sufficient air for complete 
combustion. Owing to this action the air is heated on its 
way fronqt the aiches supporting the ovens into the heating 
flues. Furthermore, the air, as well as the gas, in fact, the 
mixture of gas and air, is heated on its way alongside the 

sole flue ” to the combustion channel F by the heat of the 
waste gases flowing through the "'sole flue ” which acts as 
a recuperator. 

Thus, m a simple way, and without complicating the 
working of the ovens by any special pre-heatmg apparatus, 
a great part of the heat contained in the waste gases is 
transferied to air and gas before reaching the combustion 
channel F, The flame ignites at the level of the coking 
chamber, and rises veitically to the horizontal top flue II 
through the heating flues (?. The direction of the flame 
throughout is a natural one, upwards, by reason of its own 
buoyancy and not on account of chimney draught. From 
this horizontal top flue, divided into two halves, the burnt 
gases are led off through the vertical flues J under the 
bottom K of the oven, gen ei ally known as the "sole 
flvfc^.’’ The burnt or waste gases pass through the 
"sole flue,” pre-heating the air and gas on the way to 
the combustion chamber as described, and finally are 
drawn through the opening M, which can be regulated 
by the damper plate L, to the main waste gas collector N, 
Thus the waste gases pass into a boiler plant where the 




Fig M — Coke ovens with bye-product recoveiy 
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rest of the heat still con- 
tained in them is used foi 
laising steam, and ulti- 
mately are drawn off by 
the chimney stack. 

Fig. 44 shows a com- 
plete plant of sixty bye- 
product ovens, with coal 
bunker, coal stamping 
machine, and recovery 
plant for tar and ammonia, 
and for converting the 
latter into sulphate of 
ammonia. 

The cycle of operations 
m the lecoveiy plant is as 
follows ; — 

The gases evolved dur- 
ing the process of coking 
are drawn off from the 
gas collecting main, on 
the top of the ovens, 
through an upwardly in- 
clined serpentine air 
cooler, and then through 
wa^er cooleis. The gases 
thus cooled down to about 
20^0. (68^ F.) are freed 
TErnm •ammonia, and if 
necessary from benzol, 
etc., by jiassing through 



Fiu 45 — Coke ovens with bye-piocluct lecoveiy 
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scrubbers, and are then led back to the ovens to be used, 

% * 

a poition foi heating the ovens, and the surplus for such 
purposes as may be desired. The necessaiy suction and 
piessure are bi ought about by means of steam injectors 
which aie placed between the watei coolers. 

The object of the upwardly inclined serpentine cooler is 
to facilitate the separation of the distillates from the gases. 
The highest point of the serpentine cooler, wheie the return 
flow commences, is chosen to coincide with the pbint at 
which the condensation gases have been cooled to about 
70° 0. (158° F.). The returning distillates are again 
partly evaporated by meeting the hot gases coming in the 
opposite diiection, the evaporation being the gi eater the 
nearer the distillates approach the gas collecting main. 
Consequently, the light oils in the tar, the volatile 
ammonia in the ammomacal liquor, and a fresh supply 
of water vapours are in this way conveyed into the water- 
coolers. 

That part of the ammomacal liquor which returns 
through the serpentine cooler without being again evapor- 
ated only contains fixed salts, and, therefore, after being 
drawn off and cooled, may be used in the washers, instead 
of fresh water. 

The reciprocal action between the incoming gases and 
the returning distillates washes or lixiviates the fixed 
ammonia, which so easily sticks to the tar conden^ng 
near the gas mam. 

As already stated, the gases on leaving the serpentine 
air cooler are impregnated with water vapours, and' being'^ 
condensed by the effective cooling in the water coolers, 
produce a rich ammomacal liquor. A further e?=irichment 
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of the ammoniacal liquor is effected by mea;i^ of steam 
injectors, which operate in a three-fold manner. In 
addition to its powei of suction, the steam mtioduced 
by the injector into the cooled gas foims a very rich 
ammoniacal liquor, condensing in the water coolers, which 
are placed immediately after the injectors Lastly, by the 
active power of the steam and its thorough intermixtuie 
with the» gases, a most effective separation of the final 
particles of tar is anived at. 

For charging and discharging coke ovens in modern 
installations, the coal is fed through a stamping machine 
by means of which it is made into a cake and is then 
carried bodily by mechanical means right into the oven. 
By means of this compression and accuiate charging a 
larger quantity of coal can be coked and a denser product 
obtained When distillation is complete the mass of coke 
IS ejected by the same mechanical means This mechanical 
charging apparatus consists of an iron box or compressing 
chamber of the same internal dimensions as the coking 
chamber, and having a moving sole actuated by a rack and 
pinion motion When the small moist coal has been run 
into the chamber fiom the bunkers, the stamp is opeiated 
and the coal is compiessed into a cake This is then 
carried into the oven by the sole. When the oven dooi is 
closed the cake is retained and the sole may be withdiawn, 
siiiitable provision being made at the bottom of the door to 
permit of the withdiawaL The coking of the prepared 
coal then begins, and on the completion of the process the 
fnass of coke may be readily forced out, the intense heat and 
the construction of the ovens enabling the whole operation 
to be^doRe in a compaiatively shoit space of time. 
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Briquett^^s. — M any qualities of small coal which are 
unsuitable for making into coke have latteily been formed 
into Briquettes or Patent Fuel, and in this way coal which 
was formerly wasted is turned to good use When tieated 
in a certain way, piesently to be described, and formed into 
suitable lectangular or oval blocks, this small, sometimes 
inferior, coal becomes of great value foi heat geneiating 
purposes, has the advantage of being unaffected by the 
weather, and is in a most convenient form for storing and 
handling. 

The coal is fiist screened, and, if necessary, washed, 
dried, and crushed, before being foimed into blocks. 
Neither large nor extremely small and dusty coal is 
necessarily the best for briquette manufacture, there being 
a medium size which is found most convenient. The chief 
materials used for binding are pitch, starch, and lime. 
Pitch has three advantages : (a) it assists in the combustion 
of the coal ; (b) it adds very little ash , (c) briquettes 
formed in this way are very hard and proof against water 
and weather. Pitch is pioduced from the distillation of 
gas-tar, and when coal is used instead of coke for iron 
smelting, is one of the bye-products. The most suitable 
quality is that containing 75 to 80 pei cent of carbon. An 
illustration of a briquette machine is given in Fig. 46. 
The pitch is first broken by means of a disintegrator or 
“cracker,"’ and is then fed, along with the coal, into^a 
mixer, where both constituents aie aceuiately measured. 
Both then pass into a disintegrator, where they are giound 
together to a proper degree of fineness The mixed 
material is then elevated and delivered into a vertical 






action of supeiheated steam, by means of ■^hicli the pitch 
becomes plastic and adhesive The biiquette pi ess is 
immediately below the heatei and is fitted with a veitical 
mould plate containing a niimbei of moulds. At each 
stroke of the machine the jilastic mateiial is pushed by a 
horizontal ram into one of the moulds On reaching the 
opposite side, the full mould is powei fully compiessed from 
])oth sides simultaneously by two hoiizontal lams A 
fourth lam pashes out the finished compressed blocks 
which are then taken on a band conveyoi to the stacking 
giound 01 loaded into w’aggons. 

A biiquette machine is usually capable of turning out 
from 100 to *250 tons of biiquettes pei day The briquettes 
pioduced vaiy in size from 2 lbs and 3 lbs. for domestic 
]Dui poses up to 22 lbs. foi maiine pui poses the most 
common size being 2 to 3 lbs for domestic, 6 to 8 lbs foi 
locomotives, and 12 to 16 lbs. for marine uses. 

Briquettes made with pitch probably have gi eater 
caloiific value, aie cleaner and less smoky than those made 
in any othei manner, but in geneial piaetice a ceitam 
amount of the other binding agents is used wuth it. 
Starch mixed with lime is found to be a good means of 
binding, and, although a rather laige peicentage of ash is 
lelt after burning, the heat generated is usually high, the 
smoke given off is small, and the cost is considerably less 
than when foimed with pitch. ^ 



